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. NOVEL PEPTIDASE INHIBITORS 



This invention relates to protease enzyme inhibitors useful for a variety of physiological end-use 
applications. 

In its broad aspects, this invention relates to analogs of peptidase substrates in which the nitrogen atom 
of the scissile amide bond of a partial retropeptide analog of the substrate has been replaced by a 
5 difluoromethylene moiety. These peptidase substrate analogs provide specific enzyme inhibitors for a 
variety of proteases, the inhibition of which exert valuable pharmacological activities and therefore have 
useful physiological consequences in a variety of disease states. 

In its more specific aspects, this invention relates to activated electrophilic ketone retroamide analogs of 
certain peptidase substrates which are useful in inhibiting serine-, thiol-, carboxylic acid- and metallo- 
70 dependent proteolytic enzymes, the inhibition of which will have useful physiological consequences in a 
variety of disease states. 

Still more specifically, this invention relates to activated electrophilic ketone retroamide analogs of 
peptidase substrates which fall within the following generic groupings characterized according to their active 
site dependencies. Such generic groupings are: 
*5 I. Serine Dependent Enzymes: These include such enzymes such as Elastase (human leukocyte), 

Cathepsin G, Thrombin, Plasmin, C-1 Esterase, C-3 Convertase, Urokinase, Plasminogen Activator, Acrosin, 
^-Lactamase, D-Alanine-D-Alanine Carboxy peptidase, Chymotrypsin, Trypsin and Kaliikreins. 
• II. Thio Dependent Enzymes: Cathepsin 5. 

IIL Carboxylic Acid Dependent Enzymes: These include such specific enzymes as Renin, Pepsin and 
20 Cathepsin D. 

IV. Metaiio Dependent Enzymes: These include Angiotensin Converting Enzyme, Enkephalinase, 
Pseudomonas Elastase and Leucine Aminopeptidase. 

•The contemplated peptidase inhibitors of the foregoing enzymes are selected from the generic formula 
R,NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q I - 
25 the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof wherein: 

, Ri is hydrogen, an amino protecting group selected from Group K, an a-amino acid or a peptide comprised 
of a number of a-amino acid building blocks, each of said a-amino acid or peptide optionally bearing an 
amino protecting group preferably selected from Group K, 

R 2 is a specific characteristic "R group" side chain of the a-amino acid building block responsible for 
30 directing, the inhibitor to the active site of the enzyme, 

R 3 is H, Ci-e straight or branched alkyl, phenyl, benzyl, cyciohexyl, cyclohexylmethyl or 2-pyridylmethyl, 
or is the R~group residue of an a-amino acid building block for that peptidase substrate analog, 
n is an integer of 1 to 10, 

R a is a specific characteristic "R-group" side chain of an a-amino acid building block for that peptidase 
35 substrate analog, or is an ethylene moiety which when attached to the N atom of that retroamide moiety 
. forms a 2-cxopyrroiioine moiety, 
R h is. H, Ci-e straight or branched alkyl, or an ethylene moiety which when linked to the CH moiety of X 
forms a 2-oxcpyrrclidine moiety, 

X is H, CH, OR 7 or R 7 with R 7 being C,- s straight or branched alkyl, phenyl, benzyl, cyclohexyL 
40 cyclohexylmethyl or 2-pyridylmethyl with the proviso that when X is other than CH, R a and Q are deleted, 
Q is H, Ci-,o alkyl or aralkyl, COR 5 Y, or COY with R 5 being an a-amino acid R-group or a peptide 
. comprised of a-amino acid building blocks, and 
Y is NHRi. or OR*, with R* being H, Ci- S straight or branched alkyl, phenyl benzyl, cyciohexyl, 
cyclohexylmethyl or 2-pyridy!methyL 
45 Isosteres of the compounds of formula I include those wherein (a) one or more of the a-amino residues 
of the Ri and Q substituents are in their unnatural configuration (when there is a natural configuration) or (b) 
when the normal peptidic carbamoyl linkage is modified, such as for example, to form -CH 2 NH- (reduced), 
-COOV (keto), -CH(OH)CH 2 - (hydroxy), -CH(NH 2 )CH 2 -(amino), -CH 2 CH 2 - (hydrocarbon). Preferably a 
compound of the invention should not be in an isosteric form, particularly it is preferred that there be no 
so modified peptidic carbamoyl group in the R, and Q radicals, but if there is, it is preferable to keep the 
isosteric modifications to a minimum. 

A compound of the invention may be in free form, e.g., amphoteric form, or in salt, e.g., acid addition or 
anionic salt, form. A compound in free form may be converted into a salt form in an art-known manner and 
vice-versa. Examples of salt forms are the trifluoroacetate, hydrochloride, sodium, potassium and ammo- 
nium forms. 
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Unless otherwise stated, the a-amino acid building blocks of these peptidase substrate analogs are 
preferably in their L-configuration. However, in those instances wherein there is an amide peptide bond 
between the CF 2 and a resulting malonyl moiety, then the a-amino acid building blocks between the CF ? 
moiety and the malonyl moiety are in their O-configuration. 

riif fJr n Jn e r ent \ V th ! n th6re tW ° Ra m0ieti6S ' RaI and each of wnich ma V ^ me same or 
d fferent), f n ,s 3 then here are three R a moieties, (i.e.. R a1 . R aS and R a3 ) each of which may be the same 

or different and so on for each change in the definition of n. Analogously, the X and R b moieties would 
gre^defintons " '* inCfeaSed ' ea ° h bei " 9 modified independently within the scope of their 

Before further defining and/or illustrating the scope of the. peptidase inhibitors embraced by formula I it 
may be convenient to state some of the more basic concepts rented to peptides. For example, except for 
prol.ne all of the a-am,no acids found in proteins have as a common denominator a free carboxyl group 
and a free unsubstituted amino group on the a-carbon atom (in proline, since proline's a-amino group is 
^ t l,tUte ,? !t iS r f a!,y 30 a " amino acid ' but fcr convenience, it will also be spoken of as an a-amino group) 
is Additional*, each a-amino acid has a characteristic "R-group". the R-group being the side chain or 
residue, attached to the a-carbon atom of the a-amino acid. For example, the R-group side chain for glycine 
-s hydrogen, for alanine ,t is methyl, for valine it would be isopropyl. (Thus, throughout this specification the 
R., Ra, R 3 or R 5 mo.ety is the R-group for each indicated a-amino acid). For the specific R-groups - or side 

™Tri\\. hil?f referenCS l ° A L Lehnin 9 er ' s text on Biochemistry (see particularly Chapter 4) 

would be helpful. In those instances wherein R a is an ethylene moiety attached to the CH group of X and to 
the nitrogen atom of that retroamide. that resulting 2-oxo-pyrrolidine moiety is represented by 




wherein the dotted fines depict the ethylene moiety attached to the nitrogen atom of the retroamide 

w m L 3 , <j° nVe " ience ,or definin 9 the of the compounds embraced by the generic concept of 

rormula I, as well as the sub-generic concepts relating to each of the individual enzymes involved in this 

35 ~? n ' 7' 0U f 5 a " a T° addS haVe bSen C ' aSSified int ° 3 Variet >' 0f S rou P s which im P- similar functional 
charactenst,c S for each of the specific enzymes to be inhibited by the peptidase substrates of formula .. 

Sth n T W 'I"' 6 ' n Tab ' e " reC °9 nized Abbreviations for the a-amino acid blocks are set 
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TABLE I 



AMINO ACID 


SYMBOL 


Alanine 


Ala 


Arginine 


Arg 


Aspargine 


Asn 


Aspartic acid 


Asp 


Asn + Asp 


Asx 


Cysteine 


Cys 


Glutamine 


Gin 


Glutamic acid 


Glu 


Gin + Glu 


Glx 


Glycine 


Gly 


Histidine 


His 


isoieucine 


lie 


Leucine 


Leu 


Lysine 


Lys 


Methionine 


Met 


Phenylalanine 


Phe 


Proline 


Pro 


Serine 


Ser 


Threonine 


Thr 


Tryptophan 


Trp 


Tyrosine 


Tyr 


Valine 


Val 


Norvaline 


n-Val 


Norieucine 


n-Leu 


1 -Naphthylalanrne 


Na!(1) 


2-lndolinecarboxylic acid 


Ind 


Sarcosin 


3ar 



TABLE H 



Group A: Lys and Arg 
B: Glu, Asp 

C: Ser, Thr, Gin. Asn, Cys, His. (3-pyrazoly!)Ala, (4-pyrimid:nyl)Ala, and N-methyl derivatives 
D: Pro, Ind 

E: Ala, 0-Ala. Leu, lie, Val, n-Val, /s-Val, Met. 0-Valine, /3-Alanine, n-Leu and n-methyl derivatives «- 
representing beta) 

F: Phe. Tyr r O-Methyl Tyrosine, (3-pyrazolyl)A!a, (4-pyrimidinyl)Ala, Trp, Nal(1), and N-methyl 
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derivatives 

G: Gly, Sar 
J: 




„ NH 

-CH 2 0(£-)NHC (J-1) (H-i),-CH 2 0(a-)C 

NH 2 ^NH 2 

^jNH ^ NH 

-0CH 2 NHC ^ ( J " 3 > and -0CH 2 C . 0-4) 

NH 2 ' NH 2 



with <j>, of course, representing phenyl (it being understood that the bond of J1-4 is always attached to an 
amino acid). 

20 K: Acetyl (Ac), Succinyl (sue). Benzoyl (Bz), t-Butyloxycarbonyl (Boc), Carbobenzoxy (CBZ), Tosyl 

(Ts), Oansyl (DNS), Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1-Adamantanesulphonyl (AdSOa), 1- 
Adamantaneacetyl (Ad Ac), 2-Carboxybenzoyl (2-CBZ), Phenylacetyl, t-Butylacetyl (Tba), bis [(1-naphthyl)- 
methyijacetyl (BNivtA), 



o o o o 

II II II lj 

or -A-R z wherein A is-C-, -rvj-C-. -0-C-, or -S-; and R z is an 

H O 

aryi group containing 6, 10 or 12 carbons suitably substituted by 1 to 3 members selected independently 
from the group consisting of fluoro, chloro, bromo, iodo, trifluoromethyl, hydroxy, alkyl containing from 1 to 
5 carbons, alkoxy containing from 1 to 6 carbons, carboxy, alkylcarbonylamino wherein the alky! group 
contains 1 to 6 carbons, 5-tetrazo!c, and acylsulfonamido (i.e., acylaminosulfonyl and sulfonylaminocar- 
bonyl) containing from 1 to 15 carbons, provided that when the acylsulfonamido contains an aryi the aryl 
may be further substituted by a member selected from fluoro, chloro, bromo, iodo and nitro; and such other 
terminal amino protecting groups which are functionally equivalent thereto. 

In light of the foregoing, the defined compounds of formula ! may also be stated as being: 

An activated elecirophiiic ketone-bearing peptidase inhibitor of the formula 
R, NHCKR 2 COCF 2 CHR 3 (NR b COXR a ) n Q I 

the hydrates : isoteres or the pharmaceutical^ acceptable salts thereof wherein 

Ri is hydrogen, an amino protecting group selected from Group K, and a-amino acid or a peptide 
comprised a number of a-amino acid building blocks, each of said a-amino acid or peptide optionally 
bearing an amino protecting group preferably selected from Group K, 

R2 is a specific characteristic "R group" side chain of the a-amino acid building block responsible for 
directing the inhibitor to the active site of the enzyme, 

R3 is H, C1-6 straight or branched alkyl, phenyl, benzyl, cyciohexyl, cyclohexylmethyl or 2-pyridyi-methyl, 
or is the R-group residue of an a-amino acid building block for that peptidase substrate analog, 
n is an integer of 1 to 10, 

R a is a specific characteristic "R-group" side chain of an a-amino acid building block for thai peptidase 
substrate analog, or is an ethylene moiety which when attached to the N atom of that retroamide moiety 
forms a 2-oxopyrrolidine moiety, 

R b is H, Ci-e straight or branched alkyl, or an ethylene moiety which when linked to the CH moiety of X 
forms a 2-oxopyrrolidine moiety, 

X is H, CH, OR7 or R 7 with R 7 being Ci-s straight or branched alkyl, phenyl, benzyl, cyciohexyl, 
cyclohexylmethyl or 2-pyridylmethyl with the proviso that when X is other than CH, R a and Q are deleted. 
Q is H, C-10 alkyl or aralkyl, COR 5 Y, or COY with R 5 being an a-amino acid R-group or a peptide 
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70 



comprised of a-amino acid building blocks, 

Y is NHFU or OFU, with FU being H. C»-s straight or branched alkyl, phenyl, benzyl, cyclohexyi, 
cyclohexylmethyl or 2-pyridylmethyl, wherein the said a-amino acid and peptide moieties are building 
blocks selected from Groups A, B..C. D, E, F, G and J, and K is a terminal amino protecting group, 
members of these groups being 

Group A: Lys and Arg 

B: Glu, Asp 

C: Ser, Thr. Gin. Asn, Cys, His, and N-methyl derivatives 
D: Pro, Ind 

E: Ala, fl-Ala. Leu. lie, Val. n-Val, £-Val, Met. ^-Valine, 0-Alanine, n-Leu and N-methyl derivatives 
F: Phe, Tyr, Trp, Nal(1), and N-methyl derivatives 
G: Gly, Sar 
J: 



75 



20 



-CH 2 0(£-)NHC 



NH 



NH 2 



(M) 



-CH 2 0fe-)C 




NH 



NH 2 



(J-2) 



25 



-0CH 2 NHC 



NH 



NH: 



(J-3) and 



-0CH 2 C 



NH 



NH 2 



(J-4) 



30 



with 6, of course, representing phenyl (it being understood that the bond of J1-4 is always attached to an 
amino acid). 

K: Acetyl (Ac), Succinyi (sue), Benzoyl (Bz), t-Butyloxy-carbonyl (Boc), Carbobenzoxy (CBZ), Tosyl 
(Ts), Dansyl (DNS), Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1-Adamantanesulphonyl (AdS02), 1- 
Adamantaneacetyl (AdAc), 2-Carboxybenzayl (2-CBZ), Phenyl-acetyl, t-Butylacetyl (Tba), bis [(1-naphthyl)- 
methyljacetyl (BNMA), 
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- or -S-j and R z is an 
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aryi group containing 5, 10 or 12 carbons suitably substituted by 1 to 3 members selected independently 
rrom the group consisting of fluoro, chloro, bromo, iodo, trif I uoro methyl, hydroxy, alkyl containing from 1 to 
6 carbons, aikoxy containing from 1 to 3 carbons, carboxy, alkylcarbonyiamino wherein the alkyi group 
contains 1 to 6 carbons, 5-tetrazolo, and acyisulfonamido (i.e., acylaminosulfonyl and sulfonylaminocar- 
bonyl) containing from 1 to 15 carbons, provided that when the acyisulfonamido contains an ary! the aryl 
may be further substituted by a member selected from fluoro, chioro, bromo, iodo and nitro; and such other 
terminal amino protecting groups which are functionally equivalent thereto. 

An alternate expression of structural formula I is depicted formula II as follows: 
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wherein Ri, R 2 , R3, R b , R a , n and Q are as defined for formula I. In this depiction the R2 moiety is in the P\ 
position of the peptide, the a-amino acids of the.Rt moiety would be in the P 2 -— -P n positions, n being the 
numeric sequence dependent upon the number of a-amino acid building blocks in that particular compound, 
e.g., if Ri contained four a-amino acids it would be comprised of P2-P3-P4-P5 positions with the option of a 
5 terminal amino protecting group from Group K in the P5 moiety. The moiety containing CF 2 and R3 is in the 
Pi position of the peptide. 

Formula III is used to further illustrate the type compounds, embraced by formula i and to more 
specifically illustrate the shorthand method of naming these compounds, as follows: 



This formula illustrates a compound containing two retroamide moieties, a malony! moiety, N-substitutions 
for R b moieties, X being CH, n being 2, and Q being COR5Y with R5 being a dipeptide moiety and Y being 
OH, which depic tion may be written in accepted shorthand nomenclature as "Ri -R2-[CF2R3NR b .,](N-R b2 - 
R a i)-m-R 5 2-R 5 -i -Rs -2 OH. 

From formula ill it is quite obvious that the bracketed CF 2 -retroamide inhibiting moiety is a moiety 
wherein the nitrogen atom of the a-amino acid has been replaced by a CF 2 radical, the R~residue remaining 
as defined for R3 and the amide bond linking the two amino acids corresponding to the P 1 and P 2 
positions has been reversed. Similarly, the amide bond linking the P 2 and P 3 positions has also been 
reversed. The brackets designate the retroamide moiety containing the CF 2 moiety, the parenthesis 
embracing the NR b2 -R a , moiety indicates that it also is in a retroamide configuration and the underlined m - 
(i.e., meta) indicates a malony! moiety containing the R a . 2 a-amino acid residue. 

. To further illustrate the shorthand nomenclature .used throughout this application assume that Ri is 
comprised of P 2| P3, P<. having a terminal amino protecting group so that Ri is -Pro-Ala-Aia-Suc-OCHa, R 2 
is Val, R 3 is Gly, R b i is ethyl, R al is H, R b2 is ethyl, R a2 is Gly, R5-1 is Val, R5-2 is Gly, then that specific 
compound would be written as H 3 CO-Suc-Ala-Ala-Pro-Val;"-[CF 2 GlyN-Et](N-EtGly)-m-Gly-Val-GlyOH. 

It is also to be noted that in some instances it is more convenient to designate the terminal amino 
protecting group as a separate P n position or the peptide, for example, in illustrative formula ill. The terminal 
amino protecting group would be designated as being in the Ps position and thus Ri would be P2-P3-P4-P5 
with Ps being a protecting group of Group K. If P* optionally is an R group or is deleted, then quite 
obviously, when P* is deleted the protecting group of Ps would be attached to the P3 moiety. In those 
instances wherein Group K represents an -A-R, moiety, it is preferred that A represent -C( - O)- and that R 2 
represent acyi sulfonamide particularly those wherein the acyisulfon amide contains an aryl moiety 
(preferably phenyl) substituted by a halogen, the preferred -A-R z moieties being 4[(4-chlorophenyl)- 
sulfc'nylamlnocarbonyilphenylcarbonyi, 4-[(4-bromopheny!)3u!fonylaminocarbonyl]phenylcarbonyj and 4- 
[phenylsulfonylaminocarbonyllphenylcarbonyl (said moieties being abbreviated as Cl<f>-SAC-Bz,Br<£-SAC-Bz 
and 0-SAC-3z, respectively). 

In general and unless otherwise stated, from the CF 2 inhibiting moiety to the rnalonyi moiety the amino 
acids (or R Groups) are in their D-configuration, thereon they are in their L-configuration. 

Utilizing the foregoing illustrations those compounds of formula I which are useful as inhibitors for 
human leukocyte elastase are represented by the formula 
Ri NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q la 

and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein 
Ri is -P2P3P4PS with 

P 2 being a-amino acid block having an R group selected from Groups D, E and F, with proline being 
preferred, 

P 3 is the a-amino acid blocks of Groups D, E, or lysine with isoleucine, valine or alanine being preferred, 
Pi is the a-amino acid blocks of Groups E or zero with alanine being preferred (when P n is zero then that 
particular moiety does not appear in the structure, i.e., it is deleted), and 

Ps is a terminal moiety of Group K with methoxysuccinyl and CBZ and CI^-SAC-Bz, Br6-SAC-Bz and <£- 
SAC-Bz being preferred. 
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R 2 is the R Group of Groups E and G, with nor-valine and valine being preferred, 
R 3 is an R Group selected from Groups E and G, with glycine and alanine being preferred, 
R a is an R Group selected from Groups E and G or is phenyl, with alanine, phenyl and glycine being 
preferred, with R b , X, n and Q being as generically defined for formula !, n preferably being 1 or 2 R b 
5 preferably being H. X preferably being CH. Q preferably being H or CONH 2 and R s . when present, is an a- 
amino acid having an R group selected from Groups E and G with alanine being preferred and then Y 
preferably is NH2- 

Human leukocyte elastase is released by polymorphonuclear leukocytes at sites of inflammation and 

thus is a contributing cause for a number of disease states. Thus the peptidase substrates of formula (la) 
io have an anti- inflammatory effect useful in the treatment of gout, rheumatoid arthritis and other inflammatory 

diseases, and in the treatment of emphysema. In their end-use application the enzyme inhibitory properties 

of the compounds of (la) are readily ascertained by standard biochemical techniques well known in the art. 

Potential dose range for their end-use application will of course depend upon the nature and severity of the 

disease state as determined by the attending diagnostician with the range of 0.01 to 10 mg/kg body weight 
15 per day being useful for the aforementioned disease states with 0.1 mg io 10 mg/kg per day being 

preferred. The preferred compounds for this enzyme are: 

H 3 CO-Suc-Ala-Ala-ProA'al-[CF2GlyNH]m-Gly-NH 2 , 

H 3 CO-Suc-Ala-lle-Pro-Val-[CF 2 GlyNH]rrpAla t NH2, 

[aN-(AdS0 2 ]-[6N-2(CBZ)]-Lys-Pro-Vai-[CF 2 GlyNH]m-Aia-NH2, 
20 [aN-(AdS0 2 h[eN-2(CBZ)]-Lys-Pro-Vai-[CF2GiyNH]m-Ala-OH, 

[aN-<AdS02]-[eN-2(CB2)]-Lys-Pro-Va!-tCF 2 GlyNH]m-Ala-OMe t 

H 3 CO-3uc-Ala-A!a-Pro-Val-[CF2GIyNH]COCH 3l 

CB2-VaI-Pro-Val[CF2GlyNH]COCH 2 0. 

4-CI^-SAC-Bz-VaI-Pro-Val-[CF 2 GlyMK]COCH 2 *, 
25 4-Br<^-SAC-Bz-Val-Pro-Val-[CF 2 GiyNH]COCH 2 9, 

4^-SAC-Bz-VahPro-VaKCF 2 G!yNH]COCH 2 ^, 

4-HOOC^CO-Val-Pro-VaKCF 2 G!yNH]COCH 2 <^, 

4-Cl^-SAC-Bz-Val-Pro-Val-[CF 2 GlyNH]COCH 3 . 

Those compounds of formula I which are useful as inhibitors of Cathepsin G are represented by the 
30 structural formula 

Ri NHCHR 2 COCF 2 CHR 2 (NR b COXR a ) n G lb 

and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein 
Ri is -P 2 P 3 P 4 P 5 . with P 2 being selected from Groups D, E. or G. with proline, being preferred 
P 3 is selected from Groups E or G with alanine being preferred, 
35 Pa. is selected from Groups E, G or is deleted with alanine being preferred, the terminal a-amino acid 
optionally bearing a protecting group selected from Group K with succinyl or methoxy succinyl being 
preferred, y 
R 2 is selected from Groups E and F but preferably is Phe, 

R 3 is as genericaliy defined for formula I with the -amino acid residue being selected from Groups E and G. 
40 Giy, Ala and Phe being preferred, 

R b ; X, n and Q are as generically' defined in formula I 

with R b preferably being H, n preferably being 1, Q preferably is H and R a and R 5 are as defined for 
formula (la). 

The end-use application of the compounds (lb) inhibiting Cathepsin G is the same as for human 
leukocyte inhibitors, including arthritis, gout and emphysema, but also embracing the treatment of glomeru- 
lonephritis and iung infestations caused by infections in the lungs. For their end-use application, the 
potency and other biochemical parameters of the enzyme inhibiting characteristics of the compounds of (lb) 
are readily ascertained by standard biochemical techniques well known in the art. Actual dose ranges for 
their specific end-use application will, of course, depend upon the nature and severity of the disease state 
of the patient or animal to be treated as determined by the attending diagnostician. It is to be exoected that 
the general end-use application dose range will be about 0.01 to 10 mg/kg per day for an effective 
therapeutic effect with 0.1 to 10 mg/kg per day being preferred. Preferred compounds for formula (lb) are- 
CH 3 O-Suc-Ala-Ala-Pro-Phe-[CF 2 -Gly-NH]C0CH 3 , 
Suc-Ala-Ala-Pro-Phe-[CF 2 -Phe-NH]COCH 3 , 
55 Suc-Ala-Ala-Pro-Phe-[CF 2 -Ala-NH]C0 2 CH 3 . 
Suc-Ala-A!a-Pro-Phe-[CF 2 -Ala-NH]C0 2 Et. 

Those compounds of formula I which are useful as inhibitors of thrombin are represented by the 
formula 1 
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RiNHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n G !c 

and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein 
Ri is (a) -P2-P3. (b) -P 2 or (c) -P 2 -P3-P* wherein: 

(a) P 2 is selected from Groups D. E or F, preferably proline, P3 is selected from Group F, each P 3 is 
5 selected from Group F. each P3 being in the D-configuration, preferably D-Phe, 

(b) P- is selected from Group K but preferably is dansyl. tosyl or benzoyl, 

(c) P2 is selected from Group E but preferably is alanine. Pa is selected from Groups C, "G and E but 
preferably is serine, P* is selected from Groups F, G and E or is zero but preferably is Phe, 

R2 is preferably the arginine side chain but may also be selected from Groups A and J, preferably Ji, 
10 R3 is as generically defined for formula i, with the residue being selected from Groups C and G with glycine 
and serine being preferred, 

R a is selected from Group C or G but preferably is a glycine or serine side chain, 
R b , n, X and Q are as generically defined for formula I, 

R b preferably being K, X preferably being CH, and Q preferably is H or alkyl and 
75 Rs is preferably the glycrne amino acid residue or is a residue of an a-amino acid of Group E or 0 or is 
zero. 

The compounds embraced by formula (Ic) inhibit thrombin and therefore, as in the use of heparin, the 
compounds may be used as the initial anticoagulant agent in thrombophlebitis and coronary thrombosis. For 
their end-use application, the potency and other biochemical parameters of the enzyme inhibiting char- 

20 acteristics of the compounds of (Ic) are readily ascertained by standard biochemical techniques well known 
in the art. Actual dose ranges for their specific end-use application will, of course, depend upon the nature 
and severity of the disease state of the patient or animal to be treated as determined by the attending 
diagnostician. It is to be expected that the general end-use application dose range will be about 0.01 to 10 
mg/kg per day for an effective therapeutic effect with 0.1 mg to 10 mg/kg per day being preferred. 

25 Preferred compounds are as expressed for Cathepsin G and also include: 
H-(D)-Phe-Prc-JKCF 2 -Gly-NH]COC 3 H 7 , 
H-(D)-Phe-Pro-Arg-[CF 2 -Gly-NH]COC 3 H 7 , 
DNS-Arg-[CF 2 -Gly-NH]COC 3 H 7t 
H-Phe-Ser- Ala-[CF 2 -Gly-NH]COC 3 H 7 , 

00 H-(D)-Phe-Pro-Lys-[CF 2 -Gly-NH]COOH 3 , 

Bz-J-l-[CF 2 -G!y-NH]COCH 3 . J 

The compounds 'of formula i which are useful as inhibitors of chymotrypsin are represented by the 
structural formula 

Ri NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q Id 
35 and the hydrates, isosteres or the pharmaceutical!^/ acceptable salts thereof, wherein 
R 3 , R a . Rb. X and Q are defined for compounds of (la), and 
Ri is -P2P3P4P5 with 

P 2 being selected from Groups D, E, with Leu being preferred, G or K with benzoyl being preferred, 
P 3 is selected from Groups E or G or K, with acetyl being preferred, or is deleted, with alanine being 
40 preferred, 

P4 is selected from Groups E or G or K or is deleted, with alanine being preferred, 

P= is selected from Group K with succinyi being preferred or is deleted, and 

R 2 is selected from Groups E and F but preferably is Phe or Tyr. 

The end-use application of the compounds (Id) inhibiting chymotrypsin is in the treatment of pan- 
45 creatitis. For their end-use application, the potency and other biochemical parameters of the enzyme 

inhibiting characteristics of the compounds of (Id) are readily ascertained by standard biochemical 

techniques well known in the art. Actual dose ranges for their specific end-use application win, of course, 

depend upon the nature and severity of the disease state of the patient or animal to be treated as 

determined by the attending diagnostician. It is to be expected that the general end-use application dose 
50 range will be about 0.01 to 10 mg/kg per day for an effective therapeutic effect with 0.1 mg to 10 mg/kg per 

day being preferred. Preferred compounds are as expressed for Cathepsin G and also include: 

Bz-Phe-[CF 2 -G»y-NH]COCH 3 , 

Bz-Phe-(CF 2 -Gly-NH]COOMe, 

Bz-Tyr-[CF 2 -G!y-NH]COCH 3l 
55 Bz-Tyr-[CF 2 -Gly-NH]COOMe, 

Ac-Leu-Phe-[CF 2 GlYNH]COCH 3 . 

The compounds of formula I which are useful as inhibitors of trypsin are represented b y the structural 

formula 
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RtNHCHR 2 COCF2CHR 3 (NR b COXR a ) n Q le 

and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein 
R 2 . R3, R a . Rb. n, X and Q generically are as defined in (lc), 
Rt is selected from (a) -P 2 -P 3 , (b) -P 2 or (c) -P 2 -P 3 -P* with 
5 (a) P 2 is selected from Groups n E or F but is preferably proline or alanine, P 3 is selected from Group 

F, (each being in the D configuration) but preferably is (d) -Phe, 

(b) P2 is selected from Group K but preferably is dansyl, tosyl or benzoyl, 

(c) P 2 is selected from Group D or E but preferably is proline or alanine. P 3 is selected from Groups 
G and E but preferably is serine. P± is selected from Groups G and E or is zero but preferably Is Phe. 

70 The end-use application of the compounds (le) inhibiting trypsin is in the treatment of pancreatitis. For . 
their end-use application, the potency and other biochemical parameters of the enzyme inhibiting char- 
acteristics of the compounds of (le) are readily ascertained by standard biochemical techniques well known 
in the art. Actual dose ranges for their specific end-use application will, of course, depend upon the nature 
and severity of the disease state of the patient or animal to be treated as determined by the attending 

75 diagnostician. It is to be expected that the general end-use application dose range will be about 0.01 to 10 
mg/kg per day for an effective therapeutic effect with 0.1 mg ot 10 mg/kg per day being preferred. The 
preferred compounds useful for inhibiting trypsin are the same as for the inhibitors of thrombin. 

The compounds of formula I which are useful as inhibitors of plasmin are represented by the structural 
formula 

20 Rt NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q If 

and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein R 3 , R a , R b) X, n and Q 
are as defined in formula i: 
Ri is -P2P3P4 with 

P 2 being selected from Group E or F but preferably is Ata or Phe, 
25 P 3 is selected from Groups B, F or K but preferably is Glu or acetyl, and 
P* is selected from Group K or is deleted but preferably is dansyl, - 
R 2 is selected from Groups A and J but preferably is lysine or J-l, and 
n preferably is one and 
R b preferably is H. 

■30 The compounds embraced by formula (If) inhibit plasmin and are therefore antiproliferative, agents 
useful in treating excessive cell growth, particularly in the treatment of benign prostatic hypertrophy and 
prostatic carcinoma, and in the treatment of psoriasis. For their end-use application, the potency and other 
biochemical parameters of the enzyme inhibiting characteristics of the compounds of (If) are readily 
ascertained by standard biochemical techniques well known in the art. Actual dose ranges for their specific 

35 end-use application will, of course, depend upon the nature and severity of the disease" state of the patient 
or animal to be treated as determined by the attending diagnostician. It is to be expected that the general 
end-use application dose range win be about 0.01 to 10 mg/kg per day for an effective therapeutic effect 
with 0.1 to 10 mg/kg per day being preferred. The preferred compounds are: 
DNS-Glu-Phe-LystCF 2 -Gly-NH]m-Aia-OH, 

40 DN3-Giu-Phe-Lys[CF 2 -Gly-NHjm-Aia-NH 2 , 

.DNS-Glu-Phe-Lys[CF 2 -Gly-NH]rn-Aia-OCi-.d-Alkyl, 
Ac-Ala- J-i[CF 2 -Giy-NH]COCH 3 , 
Ac-ala-Lys-[CF 2 -Gly-NK]COCH 3 . 

The compounds of formula I which are useful as inhibitors of Ci -esterase are represented by the 
45 structural formula 

R, NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q jg 

and the hydrates, isosteres or the- pharmaceutical^ acceptable salts thereof wherein 
Q. R3, R b and X are defined in formula i, with the R-group of R 3 selected from Group E or G, 
R1 generically is -P 2 -P 3 with P 2 being selected from Groups E, G. D, C, F.AorB with Ala being preferred 
so and 

P 3 is selected from Group K with CBZ or acetyl being preferred, 
R 2 is selected from Groups A and J, but preferably is Arg or J-l, 
R a is selected from Group E or G, preferably Gly, 
n preferably is one, and 
55 R b preferably is H. 

The compounds embraced by formula (Ig) inhibit Ci -esterase and are therefore useful in treating 
systemic lupus, arthritis, autoimmune hemolytic anemia and glomerulonephritis. For their end-use applica- 
tion, the potency and other biochemical parameters of the enzyme inhibiting characteristics of the 
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compounds of (lg) is readily ascertained by standard biochemical techniques well known in the art. Actual 
dose ranges for their specific end-use application will, or course, depend upon the nature and severity of 
the disease state of the patient or animal to be treated as determined by the attending diagnostician. It is to 
be expected that the general end-use application dose range will be about 0.01 to 10 mg.kg per day for an 

5 effective therapeutic effect with 0.1 mg to 10 mg/kg per day being preferred. The preferred compounds are: 
CBZ- Ala-Arg-[CF 2 -Gly-NH]COCH 3 , 
CBZ-Ala-Arg-[CF 2 -Gly-NHICOOCi-*-Alkyl f 
CB2-Ala-Arg-[CF 2 -Gly-NH]m-Gly-NH2, 
Ac-Ala-J-l[CF 2 -Gly-NH]COCH 3 . 

w the compounds of formula I which are useful as inhibitors of C 3 -convertase are represented by the 
formula 

R,NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q !h 

and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein generically 

R bf X. n and G are as defined in formula I, 
is Ri is -P2P3P4 with 

P 2 being selected from Groups E or F, with Ala being preferred, 

P3 is selected from Groups E or F with Leu being preferred, and 

Pi is selected from Group K with Bz being preferred, 

R2 is selected from Grtoups A or J, with Arg being preferred, 
20 R 3 is selected from Groups E or G, with Gly being preferred, 

Rs is zero and 

Y preferably is NH 2r 

R a is selected from Group "E but preferably is Ala, 
R b preferably is H. 

25 The compounds embraced by formula (In) inhibit C 3 -convertase and are therefore useful in treating 
systemic lupus, arthritis, autoimmune hemolytic anemia and glomerulonephritis. For their end-use applica- 
tion, the potency and other biochemical parameters of the enzyme inhibiting characteristics of the 
compounds of (In) are readily ascertained by standard biochemical techniques well known in the art. Actual 
dose ranges for their specific end-use application will, of course, depend upon the nature and severity of 

30 the disease state of the patient or animal to be treated as determined by the attending diagnostician. It is to 
be expected that the general end-use application dose range will be about 0.01 to 10 mg/kg per day for an 
effective therapeutic effect with 0.1 mg to 10 mg/kg per day being preferred. The preferred compounds are: 
Bz-Leu-Ala-Arg-[CF 2 -Gty-NH]COCH 3 , 
Bz-Leu-Aia-Arg-[CF 2 -Gly-NH]C00Ci-4-A(ky(, 

35 Bz-Leu-Ala-Arg-[CF 2 -Gly-NH]COO-3enzyl, 
Bz-Leu-Ala-Arg-[CF 2 -Gly-NH]m-Ala-NH2. 

The compounds of formula I which are useful as inhibitors of Urokinase are represented by the formula 
R, NHCHR 2 C0CF 2 CHR a (NR b C0XR a ) n Q li 

and the hydrates, isosteres or the pharmaceutically acceptable salts thereof, wherein 
40 Rs, R a , Rb, X, n and Q are as defined in formula !, 
Ri generically is -P2P3 with 

P 2 being selected from Groups E and G with Ala and Gly being preferred, and 
P 3 is selected from Group B with Glu being preferred, 

R 2 is selected from Groups A and J with Arg being preferred, and the R-group of R 3 and R a being selected 
45 from Group E, each preferably being Ala and 
Y preferably being NH 2 , and 
Rb preferably is H. 

' The compounds embraced by formula (ii) inhibit Urokinase* and therefore are useful in treating 
excessive cell growth disease states. As such compounds are useful in the treatment of benign prostatic 

50 hypertrophy and prostatic carcinoma, the treatment of psoriasis, and in their use as abortifacients. For their 
end-use application,- the potency and other biochemical parameters of the enzyme inhibiting characteristics 
of the compounds of (li) are readily ascertained by standard biochemical techniques well known in the art- 
Actual dose ranges for their specific end-use application will, of course, depend upon the nature and 
severity of the disease state of the patient or animal to be treated as determined by the attending 

55 diagnostician. It is to be expected that the general end-use application dose range will be about 0.01 to 10 
mg/kg per day for an effective therapeutic effect with 0.1 mg to 10 mg/kg per day being preferred. The 
preferred compounds are: 
K-Glu-Gly-Arg-[CF 2 -Ala-NH]m-Ala-NH 2 , 
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. K-G!u-Gly-Arg-[CF 2 -Ala-NH](Ala)CHO, 
K-Qlu-Gly-Arg-[CF 2 -Ala-NHKA!a)C02CH3, 
K-Glu-GIy-(p-gua)-Phe-[CF 2 -Ala-NH](Ala)H, 
(K being a protecting group). 

5 The compounds of formula I which are useful as inhibitors of plasminogen activator are represented by 
the structural formula 

R,NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q Ij 

and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein 
R3, R e . Rb* x « n and Q are as defined in formula I, 
w R1 generically is -P 2 P 3 P* wherein 
P 2 is Gly, 

P3 is selected from Group B with Glu being preferred, and 
P4 preferably is dansyl but also selected from Group K. and 
R 2 is selected from Groups A and J with Arg b eing preferred. 

rs Preferred compounds are: 

DNS-Glu-Gly-Arg-[CF 2 -Ala-NH](Ala)CHO, 

DNS-Glu-Gly-(p-gua)-Phe-[CF 2 -Aia-NH](Ala)H, 

DNS-Glu-Gly-Arg-[CF 2 -Ala-NH]m-Ala-NH 2 . 

The compounds embraced by formula (Ij) inhibit plasminogen activator and therefore are useful in 

20 treating excessive cell growth disease states such as, for example, being useful in the treatment of benign 
prostatic hypertrophy and prostatic carcinoma, in the treatment of psoriasis and in their use as abor- 
tifacisnts. For their end-use application, the potency and other biochemical parameters of the enzyme 
inhibiting characteristics of the compounds of (Ij) are readily ascertained by standard biochemical tech- 
niques wed known in the art. Actual dose ranges for their specific end-use application will, of course, 

25 depend upon the nature and severity of the disease state of the patient or animal to be treated as 
determined by the attending diagnostician. It is to be expected thai the general end-use application dose 
range will be about 0.01 to 10 mg/kg per day for an effective therapeutic effect with 0.1 mg to 10 mg/kg per 
day being preferred. 

The compounds of formula I which are useful as inhibitors of acrosin are represented, by the structural 
30 formula 

RiNHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q Ik 

and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein 
R3, R a , Rb. X n and Q are as defined in formula I, 
R1 is -P 2 P 3 P* with 

35 P 2 being selected from Group E or K with Leu or benzoyl being preferred, 
P 3 is selected from Group E with Leu being preferred or is deleted, 
P* is selected from Group K with Bob being preferred or is deleted, 

R 2 is selected from Groups A and J with Arg and J-i being preferred, the R-groups of R 3 being selected 

from Group E or G, and 
40 n preferably is one. 

The preferred compounds are: 

Boc-Leu*Leu-Arg-[CF 2 -Giy-NHj(Aia)CHO, 

3oc-Leu-Leu-p-gua-Phe-tCF 2 Gly-NH]mAla-NH 2l 

Boc-Leu-Leu-Arg-tCF 2 Giy-NH]m-Ala-OH ; 
45 Boc-Leu-Leu-Arg-[CF 2 Giy-NH]CQCH 3 , 

3Z-J-!-[CF 2 -Gly-NH]COCH 3 . 

The compounds of formula (ik) are acrosin inhibitors and therefore are useful as anti-fertility- agents in 

that they possess the characteristics of preventing sperm from penetrating an otherwise fertiiizabie egg. For 

their end-use application, the potency and other biochemical parameters of the enzyme inhibiting char- 
so acteristics of the compounds of (Ik) are readily ascertained by standard biochemical techniques well known 

in the art. Actual dose ranges for their specific end-use application will, of course, depend upon the state of 

the patient or animal to be treated as determined by the attending diagnostician. It is to be expected that 

the general end-use application dose range will be about 0.01 to 10 mg/kg per day for an effective 

therapeutic effect with 0.1 mg to 10 mg/kg per day being preferred. 
55 The compounds of formula 1 v/hich are useful as inhibitors of ^-lactamase are represented by the 

structural formula 

Ri NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q II 

and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, with the proviso that the P1 
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carbonyl moiety may exist in its chemically reduced form 



i.e., RiNHCHR2(pHCF 2 CHR3(NR b COXR a ) n Q), wherein 

0 
H 

Ri is P 2 , 

F 2 being selecied from Group K with COCH 2 £ and Bz being preferred, 
R 2 is selected from Groups E, G and C with glycine being preferred, and 

Ra. R a . Rb. X n and Q being as defined rn formula I, with the R groups of R 3 being selected from Group E 
or G, and 

n preferably is one. 

The preferred compounds are: 
<J>CH 2 CONHCH 2 CO[CF 2 -Gly-NH]COCH3, 
❖ CH2CONHCH 2 CHOHtCF 2 -Gly-NH]COCH 3 . 

j he compounds embraced by formula (II) inhibit ^lactamase and therefore are useful in the poten- 
tiation of antibacterial agents, particularly the 0-lactam antibacterial s. For their end-use application, the 
potency and other biochemical parameters of the enzyme inhibiting characteristics of the compounds of (II) 
are readily ascertained by standard biochemical techniques well known in the art. Actual dose ranges for 
their specific end-use application will, of course, depend upon the nature and severity of the disease state 
of the patient or animal to be treated as determined by the attending diagnostician. It is to be expected that 
ine general end-use application dose range will be about 0.01 to 10 mg/kg per day for an effective 
therapeutic effect with 0.1 mg to 10 mg/kg per day being preferred. 

The compounds of formula I which are useful as inhibitors of D-Aia-D-Aia carboxypentid*s* ar* 
represented by the structural formula 
Ri NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q Im 

and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein 
Ri is P2-P3 with 

P 2 being Ne-Ac-Lys or is selected from Groups E and Cwith Ne-Ac-Lys being preferred, ' 
P3 is selected from Group K with Ac being preferred, 
R 2 is D-Ala, and 

R3, R a , R b . X and Q are as defined in formula I, with the R-group of R 3 being selected from Group E with D- 

Ala being preferred, 

n preferably is one, 

R b being preferably H, 

R 5 preferably is deleted and 

Y preferably is OH. 

The preferred compounds are: 
(Ncr.6)-di-Ac-Lys-D-Ala[CF 2 -Aia-NH]CHO, 
(Na, 6 )-di-Ac-Lys-D-Ala[CF 2 -Ala-NH]m-Gly-OH. 

The compounds embraced by formula (im) are antibacterial agents particularly useful against gram 
negative organisms. For their end-use application, the potency and other biochemical param^rs of the 
enzyme inhibiting characteristics of the compounds- of (Im) are readily ascertained by standard biochemical 
techniques well known in the art. Actual dose ranges for their specific end-use application will of course 
depend upon the nature and severity of the disease state of the patient or animal to be' treated ps 
determined by the attending diagnostician. !t is to be expected that the general end-use application dose 
range will be about 0.01 to 10 mg/kg per day for an effective therapeutic effect with 0.1 mg to 10 mq/kq oer 
day being preferred. y y K 

The compounds of formula I which are useful as inhibitors of Cathepsin 8 are represented by the 
structural formula 

R, NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q In 

and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein 
Ri is (a) -P2-P3 or (b) -P 2 -P 3 -P* wherein 

(a) P 2 is selected from Groups E and F with Phe being preferred and, 
P 3 is selected from Group K v/ith CBZ being preferred, 

(b) P 2 is selected from Groups E and F with Leu being preferred, 

P 3 being selected from Groups E and F with Leu being preferred, and 
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70 



Pa. is selected from Group K with Ac being preferred, 

R 2 is selected from Groups A and J or ThrOCH 2 <*>, with Arg being preferred, and 
R3. R a , Rb. X n and Q are as defined in formula I. 

The preferred compounds are: 
CBZ-Phe-J-l-[CF 2 -GIy-NH]COCH 3 . 
Ac-Leu-Leu-J-l[CF 2 -Gly-NH]rn-Giy-OH t 
Ac-Leu-Leu-Arg[CF 2 -Giy-NH]m-Gly-OK 

The compounds embraced by formula (In) inhibit Cathepsin B and therefore are useful in treating 
excessive ceil growth disease states such as, for example, being useful in treating benign prostate 
hypertrophy, prostatic carcinoma, in treating psoriasis and in their use as abortifacients. For their end-use 
application, the potency and other biochemical parameters of the enzyme inhibiting characteristics of the 
compounds of (In) are readily ascertained by standard biochemical techniques well known in the art. Actual 
dose ranges for their specific end-use application will, or course, depend upon the nature and severity of 
the disease state of the patient or animal to be treated as determined by the attending diagnostician. It is to 
to be expected that the general end-use appication dose range will be about 0.01 to 10 mg/kg per day for an 
effective therapeutic effect with 0.1 rng to 10 mg/lcg per day being preferred. 

The compounds of formula I which are useful as inhibitors of renin are represented by the structural 
formula 

R, NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q lo 
20 and the hydrates, isosteres or the pharmaceuticaily acceptable salts thereof, with the proviso that the 
carbonyi moiety of P-1 may exist in its chemically reduced form, (i.e., Ri NHCHR 2 CHOHCF 2 CHR 3 )- 
NR fa COXR a ) n Q) wherein R1 generically is -P 2 P 3 P4P 5 Ps wherein . 

P 2 is selected from Groups E, C or F with His, n-Val, (3-pyrazoIyl)Ala or (4-pyrimidinyl)Ala, and n-Leu being 
preferred. 

25 P 3 is selected from Groups 5 or F or is deleted with Phe or O-Methyl Tyrosine being preferred, 
P* is selected from Groups E, D, F or is deleted with Pro, £-Ala or 0-Val being preferred, 
P3 is selected from Groups E, C, F or is deleted with His being preferred, and 

P 5 is selected from Group K with Boc, CBZ or Tba being preferred, or being BNMA when P 3 , P^ ( p 5 are 
deleted, or when P* is /S-valine or jS-aianine, P 5 and P s are deleted. 
30 R 2 is selected from Groups E or F or is cyclohexylmethylene with Leu or cyciohexytrnethyiene being 
preferred, and 

R3, R a , R b , X r n and Q are as defined in formula I with 

R a preferably being selected from Groups G, E, or F, 
' R b preferably being H, 
35 X preferably being CH, and 

Rs is (a)" P x or (b) P x -P x . t (x being the appropriate number for that particular p' position of any given 

particular compound with P K being selected from Groups E, C or F or is deleted, with His being preferred, 

P x+1 being selected from Groups E or C or is deleted, or is Lys with Lys being preferred, and 

Y preferably is OH., or NHTR* with R<. preferably being H. 
40 The preferred compounds are: 

CBZ-Na1 (1 )-His-Leu[CF 2 -Gly-NH](V3l)CO-Benzyi, 

CBZ-Na1 (1 )-His-Leu[CF 2 -Gly-NH]m-Val-NH-Benzyl t 

CBZ-Phe-His-Leu-[CF 2 -Gly-NH]rn-Vai-NH-Benzyl t 

BOC-Phe-n-Vai-Leu-fCFs-Gly-NHjrn-Vai-NH-Benzyi, 

45 CBZ-Phe-n-Vai-Leu-[CF 2 -Gly-NH]m-Val-NH-Benzyl, 30C-Phe^n-Val-Leu-[CF 2 -GIy-NHlm-lle-NH-2-pvridv|- 
methyl, ~ ' 

SOC-His-Pro-Phe-His-Leu[CF 2 -Val-NH]m-iie-His-OH, 

BOC-His-Pro-Phe-His-Leu[CF 2 -Val-NH]m-lle-His-NH 2 , 

CBZ-Phe-His- n CHM"-[CF 2 -Gly-NH](Val)CO-benzyl, 
50: CBZ-Phe-His-XHM^[CF 2 -Gly-NHlm-lle-NH-2-pyridylmethyl, 

BOC-Phe-n-Val-Leu[CF 2 -G!y-NH](Val)CO-Benzyl, 

CBZ-His-Leu-[CF 2 -Gly-NH]m-Vai-NH-benzyl, 

BOC-Phe-His-Leu[CF 2 -G!y-NH]m-Va!-NH-benzy!, 

BOC-Phe-n-Val-Leu[CF 2 -Gly-NH]m-Aia-NH-benzyl, 
55 BOC-Phe-n-Val-Leu[CF 2 -Gly-NH]m-Gly-NH-benzyl, 

BOC-Phe-n-Val-Leu[CF 2 -Gly-NH]lva, 

BOC-Phe-n-Val-Leu[CF 2 -Gly-NH]C0 2 ( -methyl propyl), 

BOC-Phe-n-Val-"CHM l, -[CF 2 -Gly-NH]m-Val-NH-benzyl, 
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BOC-Phe-n-Val-"CHM"-[CF 2 -Gly-NH]lva, 

BOC-Phe-n-Val-Le U [CF 2 -G|y-NH]CO[1-(1-methylpropyl)-4-phenylbutyl] 
BOC-(0-Me)Tyr-n-Val-"CHM"-[CF 2 -Val-NH]lva, 

BOC-Phe-(3-pyra2olyl)Ala-"CHM"-[CF 2 -Val-NH]lva, 
5 Tba-(0-Me)Tyr-n-Val-"CHM"-[CF 2 -Val-NH]lva, 

Tba-(0-Me)Tyr-(4-pyrimidinyl)Ala-"CHM"[CF 2 -Val-NH]lva 
H-£-Ala-(OMe)Tyr-nVal-"CHM"[CF 2 -Gly-NH]lva, 
H-^-Ala-(OMe)Tyr-nVal- ,, CHM"tCF 2 -Val-NH]lva,' 
H-^-Val-(OMe)Tyr-nVal-"CHM , '[CF 2 -G!y-NH]lva. 
w H-/S-Val-(OMe)Tyr-His-"CHM"[CF 2 -Gly-NH]lva, 
H-^-Ala-{OMe)Tyr-His-"CHM"[CF 2 -Gly-NH]lva! 
with "CHM" being an abbreviation for cyclohexylmethylene 

The compounds of formula (lo) inhibit renin and therefore are used as antihypertensive aaents USP f„i in 

™ y h p S ensi0 K n - For their end ' use application - the o«™y and bSSSjJSl??iS 

SSJT^T! CharaCteriStiCS 0f the compound, of (lo) are readily ascertained by standar Tb ochemicai 

denpT W L " thS 3rt - ACtUa ' d ° Se ranseS fcr their s P ecific en <^e application will orcou se 
depend upon the nature and severity of the disease state of the patient or arima to be tr-ted 

ao day'be^ purred 9 9 ^ * *" effeCt with 01 m 9 t0 10 "**9 P« 

formUa 6 C ° mP ° UndS ° f f ° rmU ' a ' which ars " S£ful 23 ■*■*«« of pepsin are represented by the structura. 
R'NHCHR 2 COCF 2 GHR 3 (NR b COXR 9 ) n Q | p 

carto h nv, h "S;! S ' is0Sten ; s or the Pharmaceutical^ acceptable salts thereof, with the proviso that th- -1 
R; is -P 2 P 3 P* with 

P2 being selected from Groups E or F with Vai being preferred 
P 3 is selected from Groups E or F with Val being preferred or is deleted and 
30 P A is selected from Group K, preferably Iva, and 

R 2 is selected from Groups E and F with Leu being preferred 

l^^^l^ hCH ^ WM " - N »™>^ ™ 0-) ^in g isoamylamide) and 
The preferred compounds are: 
35 « l va-Vai-Leu[CF 2 -Gly-NHKAia)iva, 
Iva- Val- Val-Leu[CF 2 -Gly-NH ](Ala) I va, 
lva-Va!-Leu[CF 2 -Gly-NH]m-A!a-laa, 
lva-Val-Val-LeutCF 2 -Gly-NHJm-Ala-laa 

stru^rmuT 3 ^ f0rmU ' a ' "*** "* " ° f ° athepSin D are ^ 
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R, NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q |q 

and the hydrates, isosteres or the pharmaceutically acceptable salts thereof, wherein 
r>3, H a , r! b , n , X ana Q are as defined in formula I. 
Ri generically is -P 2 P 3 P» with 

P 2 being selected from Groups E and F. with Val or Ala being preferred 

P 3 is selected from Groups E and F or is deleted with Val being preferred and 

P t is selected from Group K with CBZ being preferred, and 

Rs is selected from Groups E and F. with Phe being preferred 

Y preferably is -NH(CH 2 ) 2 CH(CH 3 ) 2 (laa) or -NHCH 2 CH(CH 3 ) 2 

X preferably is CH, 
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R a preferably is Ala. 

n preferably is 1 or 2, . 

Q preferably is H or COY or CORsY with 

R5 preferably being Phe. 

The preferred compounds are: 
GBZ-Val-Vai^Phe-[CF 2 -Phe-NH](Ala)lva t 
CSZ-Vaf-Val-PheHCF 2 -Phe-N:HIm-Ala-NHCH2CH(CH3)2, 
iva-Val-Ala-Phe[CF 2 -G!y-NHl{Ala)iva, 
Iva-Val-PhefCFa-Gly-NHlm-Ala-Phe-OCHa. 

As inhibitors of Cathepstn D the compounds of formula (Iq) are useful for the same end-use applications 
set forth for human leukocyte elastase inhibitors (la) and are also useful as antidemyelinating agents useful 
to prevent and arrest nerve tissue damage. For their end-use application, the potency and other biochemical 
parameters of the enzyme inhibiting characteristics of the compounds of (In) are readily ascertained by 
standard biochemical techniques well known in the art. Actual dose ranges for their specific end-use 
application will, of course, depend upon the nature and severity of the disease state of the patient or animal 
to be treated as determined by the attending diagnostician. It is to be expected that the general end-use 
application dose range will be about 0.01 to 10 rng/kg per day for an effective therapeutic effect with 0.1 mg 
to 10 mg/kg per day being preferred. 

The compounds of formula I which are useful as inhibitors of angiotensin converting enzyme (ACE) are 
represented by the structural formula 
Pi NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q ir 

and the hydrates, isoteres or the pharmaceutically acceptable salts thereof, wherein 

R3, R a . ^b. X, n and Q are as defined in formula I, 

R1 is selected from Group K with Bz being preferred, 

R 2 is selected from Groups E, F and G with Phe being preferred. 

The preferred compounds are: 
3z«Phe-[CF 2 -Gly-NCH 3 ]m-Gly-OH, 



Bz-Phe-[CF 2 -Ala-NH]m-G!y-0H. 

The compounds of formula (ir) inhibit ACE and are therefore useful as antihypertensives useful in 
treating hypertension. For their end-use application, the potency and other biochemical parameters of the 
enzyme inhibiting characteristics of the compounds of (ir) are readily ascertained by standard biochemical 
techniques well know in the art. Actual dose ranges for their specific end-use application will, of course, 
depend upon the nature and severity of the disease state of the patient or animal to be treated as 
determined by the attending diagnostician. It is to be expected that the general end-use application dose 
range will be about 0.01 to 10 mg/kg per day for an effective therapeutic effect with 0.1 mg to 10 mg/kg per 
day being preferred. 

The compounds of formula I which are useful as inhibitors of enkephalinase are represented by the 
structural formula 

RiNHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n G Is 

and the hydrates, isosteres or the pharmaceutically acceptable salts thereof, wherein 
Ri generically is -P 2 P 3 , with 
P 2 being Gly and 

P 3 being selected from Group F or is deleted with Tyr being preferred, and 
R 2 is Gly, with 

R3, R a , Rb. n, and Q are as defined in I with 
R a preferably being methionine or leucine, and 
Q preferably is COY with 
Y being OH, and 
n is preferably one. 

The preferred compounds are: 



Bz-Phe-[CF 2 -G!y-NH]m-Gly-OH, 
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H-Tyr-Gly-Gly[CF2-Phe-NH]m-Met-0H, 
H-Tyr-Gly-Gly[CF 2 -Phe-NH]m-Leu-OH. 

The compounds of formula (Is) inhibit enkephalinase and therefore are useful as analgesics. For their 
end-use application, the potency and other biochemical parameters of the enzyme inhibiting characteristics 

5 of the compounds of (Is) are readily ascertained by standard biochemical techniques well known in the art. 
Actual dose ranges for their specific end-use application will, of course, depend upon the nature and 
severity of the disease state of the patient or animal to be treated as determined by the attending 
diagnostician. It is to be expected that the general end-use application dose range will be about 0.01 to 10 
mg.kg per day for an effective therapeutic effect with 0.1 mg to 10 mg/kg per day being preferred. 

?o The compounds of formula ! which are useful as inhibitors of pseudomonas eiastase are represented by 
the structural formula 

FL NHCHR2COCF 2 CHR3(NR b COXR 3 ) n Q It 
. and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein 

R3. R a . Rb X, n and Q are as defined in formula I, 
75 Ri is -P2P3 with 

P2 being selected from Group E with Ala being preferred, 

P 3 is selected from Group K with MeOSuc being preferred, 

R2 is selected from Groups E and G with Ala being preferred. 
The preferred compound is 
20 MeOSuc-Ala-Ala-[CF 2 Hle-NH]m-Ala-NH 2 . 

The compounds of formula (It) inhibit pseudomonas eiastase and therefore are useful as antibacterial 

agents particularly useful against infections caused by pseudomonas bacteria. For their end-use application, 

the potency and other biochemical parameters of the enzyme inhibiting characteristics of the compounds of 

(It) are readily ascertained by standard biochemical techniques well known in the art. Actual dose ranges for 
25 their specific end-use application will,. of course, depend upon the nature- and severity of the disease state 

of the patient or animal to be treated as determined by the attending diagnostician. It is to be expected that 

the general end-use application dose range will be about 0.01 to 10 mg/kg per day for an effective 

therapeutic effect with 0.1 mg to 10 mg/kg per day being preferred. 

The compounds of formula I which are useful as inhibitors of leucine aminopeptidase are represented 
30 by the structural formula 

RtNHCHR2COCF 2 CHR3(NR b COXR a ) n Q lu 

and the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein 
R3, R ai Rb. X, n and Q are as defined in formula I, 
Ri is hydrogen, and 

35 R 2 is selected from Groups A, B, E, F and J with Phe, Leu, Glu and with Arg being preferred. 
The preferred compounds are: 

H-Leu[CF 2 -Gly-NH](Ala)lva, 

H-Phe[CF 2 -Gly-NH]m-Gly-OK, 

H-Leu[CF 2 -Ala-NH](Gly)iva 
40 H-LeutCFs-Gly-NHjm-Ala-NH-benzyl, 

H-Leu[CF 2 -Gly-NH]m-Val-NH-benzyL 

H-Leu[CF 2 -Gly-NH](Ala)CO-benzyl. 

The compounds of formula (lu) are inhibitors of leucine amino peptidase and therefore are useful as 

immunostimulants useful in conjunctive therapy in the treatment with other known anticancer agents. For 
45 their end-use application, the potency and other biochemical parameters of the enzyme inhi biting 

characteristics of the compounds of (lu) are readily ascertained by standard biochemical techniques well 

known in the art. Actual dose ranges for their specific end-use application will, of course, depend upon the 

nature and seventy of the disease state of the patient or animal, to be treated as determined by the 

attending diagnostician. It is to be expected thai the general end-use application dose range will be about 
50 0.01 to 10 mg/kg per day for an effective therapeutic effect with 0.1 mg to 10 mg/kg per day being 

preferred. 

The compounds of formula I which are useful as inhibitors - of kaliikreins, tissue or plasma, are 
represented by the structural formula 
Ri NHCHR 2 COCF2 CH R3 (NR b COXR a ) n Q Iv 
55 and the hydrates, isosteres or the pharmaceutically acceptable salts thereof, wherein 
R3, R a . Rb. X, n and Q are as defined in formula I, 
Ri is -P 2 P 3 with 

P 2 being selected from Groups E and F with Phe being preferred, 
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P 3 being selected from Groups C, E or F. the residues of which may be in either the D- or L-configuration, 
and 

R 2 preferably is the Arg or J-1 residue. 

The preferred compounds of this formula are: 
H-(D}-Pro-Phe-Arg-[CF 2 -Gly-NH]COCH 3 , 
H-(D)-Pro-Phe'Arg-[CF 2 -Gly-NH]COOMe, 
H-(D)-Pro-PheWg-[CF 2 -Gly-NH]m-Gly-NH2, 
H-(D)-Pro-Phe-J-1-[CF 2 -Gly-NH]COCH 3 . 

The compounds of formula (Iv) are inhibitors of the kallikreins. tissue or plasma, and therefore ihibii 
kinin formations. Kinins. generally known to induce pain and vascular permeability associated with in- 
flammation and infection, e.g., bacterial and viral, the inhibition of the kinin formation renders these 
compounds useful in the alleviation of pain and inflammation. Furthermore, these compounds are useful as 
male contraceptives in that they will dramatically interfere with normal sperm function. In their end-use 
application dose range will be about 0.01 to 10 mg/kg per day for an effective therapeutic effect with 0.1 mg 
75 to 10 mg;kg per day being preferred. 

Another aspect of this invention relates to retroamides of modified Formula I which are useful as 
inhibitors of the retroviral proteases required for replication, particularly the HIV-1 and HIV-2 viral proteases, 
the viruses putatively responsible for causing acquired immuno dificiency syndrome (AIDS). These 
. retroamides are of the formula 



70 



20 



25 



35 



O R 3 O O 

X^'x CF 2 NH NHR a 4 '~ wa 

R2 Ra 



30 and 



RtNH 




R3 

CF 2 >^X NH X X X* l-wb 



R2 



40 the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof wherein: R1.H2.R3, n, R 3 , Rb, X, Q 
and Y and labies I and il are as defined in Formula I with modifications of Groups C, e] f\ and x' and 
R 4 beincj added as follows: 

Group C contains Ser, Thr, Gin, Asn and Cys, and their N-rnathyi derivatives, 
Group E contains Leu, He, n-Vai, Met, n-Leu, CHM and their N-methyl derivatives, 
45 Group F # contains Phe, Tyr, O-methyl tyrosine, Trp, Nal-(l) and their N-methyl derivatives, 
Group G contains Gly, 
X is H or R 7 , 

Ri is H, Ci-s alky! and aralkyl. 

The compounds of Formula l-wa and l-wb which are of particular use as retroviral protease inhibitors 
50 are those wherein: 
Ri «s P 2 , P 3 , Pc with 

P 2 is selected from Groups c', e\ f', and G\ (preferably Asn, Gin and Ala), 
P 3 is selected from Groups c', e', F, and G', (preferably Asn. Gin and Ala)! 

Pt is selected from Group C or 0«Ala or 0-Val, (preferably Ser or Thr), which may optionally bear an amino 
S5 protecting group selected from Group K t 

R 2 is a residue of the P, -position a-amino acid of Groups F , E' f CHM with Tyr, Phe and CHM beina 
preferred, a 

R 3 is Gly or Group E\ preferably Gly (R 3 not having a nitrogen atom is devoid of N-methyl derivatives), 
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R 4. is H, C<-6 alkyl, aralkyi, preferably H, Ci- S or benzyl, 

R a is a residue of the P 2 -position a-amino acid of Group e' or Val, 

X is H or Rjr, preferably H or Ct- 6 alkyl or CHM. 

The preferred compounds of Formulae l-wa and I-wb are: 
5 Ser-Gln-Asn-Tyr[CF 2 GlyNH]m-LeuNH 2 , 

Thr-Gln-Asn-Tyr[CF 2 GlyNH]m-LeuNHCHM, 

Ser-Gln-Asn-Tyr[CF 2 GlyNH]C(0)H, 

Ser-Gln-Asn-Tyr[CF 2 GlyNH]C(0)CHM, 

/3-Ala-(0-Me)-Tyr-n-Val- M CHM"-[CF2GlyNH3lva 
w Boc-Phe-n-Val-XHM^lCFzGlyNHjlva 

lva-Ser-Gln-Asn-Tyr-[CF 2 lleNH]lva 

lva-Ser-Phe-n-Val- ,, CHM"-[CF 2 GlyNH]iva 

lva-Ser-GIn-Asn-Phe-tCF 2 GlyNH]mValNH 2 

!va-Ser-Gln-Asn-Tyr-[CF 2 lleNH]mValNH2 
15 In their end-use application in the treatment of retroviral infections, the compounds of Formula !-wa and' 

l-wb will be administered at about 1 to 100 mg per kilogram of body weight per day, preferably 

administered interperitoneally, intravenously and/or orally. 

From the above, it is obvious that in all of the foregoing instances of (ia) through (iw), the definitions of 

R3, Rb. R a » X, n and Q are as defined in the generic formula I with the specific preferred embodiments 
20 being further illustrated for each group of enzyme inhibitors. Of course, it is also understood that in those 

instances wherein the carbonyl moiety of Pi is in its reduced form, then such compounds are not hydrates. 
Having defined the scope, of the compounds within the generic invention and within the individual 

subgeneric groups for each of the individual enzymes, the manner in which such may be prepared will be 

described and illustrated. 

25 . in general, the compounds of formula I may be prepared using standard chemical reactions analogously 
known in the art. The key intermediates required for the application of standard peptide coupling techniques- 
may be represented by the formula Va or Vb 



30 





Vb 

wherein 

R 3 is as defined for R 3 and may be a protected form of the residue of the specific a- ami no acid Involved, 
R 2 is as previously defined, and 

P g and P g are each protecting groups, preferably different from each other so as to facilitate selective 
removal depending upon the site, nature and sequence of the reactions required to prepare the final 
compounds from these intermediates; the selection being according to principles well known and under- 
stood by those in the art. 

In those instances wherein R3' represents hydrogen the preparation of the required intermediates (Va) 
is illustrated by Reaction Scheme A. In those instances wherein R 3 ' is other than hydrogen then the 
required intermediates (Vb) are prepared by the methods depicted in Reaction Scheme B. 
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Reaction Scheme A 

R 2 




Zn 

F F OEt 



CF 2 BrC02£t 



PgNH ' 




OH O 
VII 



NH 2 R b 

P 9 NH | II (1)BH 3 (CH3)2S;H C1/CH 3 QH 

am q Va 
un (2) Base, introdij.tior. of Pg 



VIII 



in effecting the steps of Reaction Scheme A it is preferred to start with the aldehyde of formula VI 
wherein the protecting group is a carbamate preferably wherein P g is benzyioxycarbonyi (CBZ). This so- 
protected aldehyde is subjected to a condensation reaction with an ester of bromodifluoroacetic acid, 
preferably the ethyt ester in the presence of zinc. Preferably the reaction is conducted in an anhydrous 
25 aprotlc solvent, e.g., tetrahydrofuran, ether, dimethoxyethane and the tike under a nitrogen atmosphere. The 
reaction mixture is gently heated under reflux conditions, preferably to about 60 'c for about 1-12 hours. 
The ester (VII) is converted to. its primary amide (Vlli) by treatment with liquid ammonia under anhydrous 
conditions, preferably using such solvents as anhydrous diethyl ether. The amidation is initiated at-78*C 
and following saturation with ammonia the reaction mixture is slowly allowed to rise to room temperature. 
30 The so-formed amide is chemically reduced to form the free amine. This chemical reduction is easily 
effected by reacting the amide with a diborane. preferably as a diborane/dimethylsulfide complex, under a 
nitrogen atmosphere in an anhydrous aprotic solvent (e.g., THF) under reflux conditions. The reduction 
yields the desired amine, in the form of an acid (e.g., HCI) salt which by pH adjustment yields the free 
amine which may be suitably protected with an N-protecting group, e.g., P 3 ' is t-butoxy carbony! using the 
35 standard reaction conditions (e.g.. (BOC) 2 0. tetrahydrofuran at room temperature) for protecting the amine. 
Alternatively the free amine may be subjected to reaction conditions designed to build the desired a-amino 
or peptide moiety on the P side of the difluoromethylene moiety. 

In those instances where R 3 ' is other than hydrogen then the procedure of Reaction Scheme A is 
modified to prepare the desired intermediates according to Reaction Scheme B. 
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Reaction Scheme B 



R 3 'M 



PgNH 



VII 




IX 



(1) Reductive amination 

(2) Base, introduction of P c 



PgNH 




NR b Pg' 



wherein R3 M is an organometallic reagent, preferably lithium or magnesium coupled to the R3' moiety 
(other than hydrogen) desired. 

30 The conversion of the ester (VII) to the corresponding R3' bearing ketone with the organometallic 
reactant is effected by contacting the reactants together under anhydrous conditions at temperatures of 
about 0/-80*C in an aprotic solvent (e.g., tetrahydrofuran). Upon reaction the temperature is slowly allowed 
to rise to room temperature and the complex is hydrolysed to yield the desired intermediate ketones (IX) 
which compounds are subjected to reductive amination procedures well known in the art, such as, for 

35 example, the procedure described by Borch (see R.R Borch : et aL J. Am. Chem. Soc 93, 2897 (1971). 
This reductive amination can take place in one or two steps (with isolation of the intermediate imine or 
enamine). For example, reacting the ketones (IX) with ammonium acetate under slightly acidic conditions in 
methanol produces the enamine which, when reacted with sodium cyanoborohydride, produces the desired 
product. Alternatively, the ketones may be treated directly with sodium cyanoborohydride to produce the 

40 desired product. Alternatively, the ketones may be treated directly with sodium cyanoborohydride in the 
presence of ammonium acetate to produce the desired amines (as its HCI salts) which, in either case, may 
be neutralized and then the NH2 moiety may be protected with an appropriate protecting group. 

Having obtained the key intermediates of formula V (a and b) standard cr-amino acid or peptide coupling 
procedures may be conducted to prepare the Individual compounds of formula I. In practice it is more 

45 convenient to effect coupling on the p' side of the difluoromethylene moiety before coupling the P2-P n 
moieties because the CBZ protecting group is generally more stable and this facilitates a less difficult route 
of synthesis for the desired compounds. In general, this series of reactions may be depicted by Reaction 
Scheme C. 
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Reaction Scheme C 



PgNH 




NR b P g ' 



1) Cleavage of P g 

2) Coupling of R C0 2 H 



. V(aand b) 



1) Cleavage of P g ' 

2) Coupling of R V 'CQ 2 H 



R'CONH 




*2 



NR b Pg' 



PgNH 



1) Cleavage of P g r 

2) Coupling with R"C02H 




CF 2 NR b COR" 
OH R 3 ' 

yin 

1) Cleavage of P g 

2) Coupling with R'C02.H 



NR b 




' n 



R2 



1) Oxidation 

2) Optional deprotection 



RiN 



liMn 



-CF 2 

O R 3 ' 
XiV 

Formula X3H may otherwise be written as 



NR b COR* 



RlNH 
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wherein P g , R 2 , R 3 . R b , P ? ', R, are as previously defined and r'C0 2 H (leading to VII) is the equivalent of 
R10H of formula I. and R C0 2 H is the equivalent of (NR b COXR a ) n Q of formula !, for example, n is one and 
R CO is COXR a Q. The oxidation may be effected via the well-known Swern oxidation procedure, or with a 
modified Jones reaction using pyridinium dichromate, or a chromic anhydride-pyridinium complex, or with 

5 l,l,l-triacetoxy-2.1-benzoxiodol. Of course, if there are any protecting groups on the residues of the a- 
amino acid building blocks, such protecting groups may be removed after oxidation. The coupling 
procedures are effected according to standard procedures well known in the art. 

In general the Swern oxidation is effected by reacting about 2 to 10 equivalents of dimethyisulfoxide 
(DMSO) with about 1 to 6 equivalents of trifiuoromethylacetic anhydride [(CF 2 CO) 2 0] or oxalyl chloride [- 

w (COCihl said reactants being dissolved in an inert soiveni. e.g., methylene chloride (CH 2 CI 2 ), said reactor 
being under an inert atmosphere (e.g., nitrogen or equivalent^ functioning gas) under anhydrous conditions 
at temperatures of about -80 *C to -50 *C to form an in situ sulfonium adduct to which is added about 1 
equivalent of the appropriate alcohols, i.e., from compounds VII and VIII by the coupling with r"c0 2 H and 
R 0O 2 H, respectively, having the formula 
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CF 2 ^Jr- NR b 



OH 



W 1 

R3 \ o 




Preferably, the alcohols are dissolved in an inert solvent, e.g., CH 2 C! 2 or minimum amounts of DMSO, and 
the reaction mixture is allowed to warm to about -50* C (for about 10-20 minutes) and then the reaction is 
completed by adding about 3 to 10 equivalents of a tertiary amine, e.g., triethylamine, N-methyl morpholine 
etc. 

In general, the modified Jones oxidation procedure may conveniently be effected by reacting, the 
alcohols (XU) with pyridinium. dichromate by contacting the reactants together in a water-trapping molecular 
sieve powder, e.g., a grounded 3 Angstrom molecular sieve), wherein said contact is in the presence of 
glacial acetic acid at about 0°C to 50* C, preferably at room temperature followed by isolation and then 
optionally removing amine protecting groups. 

Alternatively, 1 to 5 equivalents of a chromic anhydride-pyridine complex (i.e., a Sarett reagent 
prepared in siiu (see Fieser and Fieser "Reagents for Organic Synthesis" Voi. 1, pp. 145 and Sarett, et aL, 
J.A.C.S. 25, 422, (1953)) said complex being prepared in situ in an inert solvent (e.g., CH 2 CI 2 ) in an inert 
atmosphere under anhydrous conditions at 0* C to 50 * C to which complex is added 1 equivalent of the 
alcohols (XI!) allowing the reactants to interact for about 1 to 15 hours, followed by isolation and optionally 
removing amine protecting groups. 

Another alternative process for converting the alcohols (XII) to the desired ketones (Xiti) is an oxidation 
reaction which employs periodane (i.e., 1.1 ,1-triacetoxy-2,1-benzoxiodol, (see Dess Martin, J. Org. 
Chem. ,43, 41 55, (1 983)). This oxidation is effected by contacting about 1 equivalent of the alcohols pOi) 
with 1 to 5 equivalents of periodane (preferably 1 .5 equivalents), said reagent being in suspension in an 
inert solvent (e ; g., methylene chloride) under an inert atmosphere (preferably nitrogen) under anhydrous 
conditions at 0° C to 50 " C (preferably room temperature) and allowing the reactants to interact for about 1 
to 48 hours. Optional deprotection of the amine protecting groups may be effected as desired after the 
ketones have been isolated. 

The preparation of the compounds of Formulae l-wa and l-wb follows the same oeneral chemical 
pathways as outlined and described in Reaction Schemes A and B for the preparation of the key 
intermediates Va and Vb and also, with minor modifications, essentially follows the reaction pathways of 
Reaction Scheme C for those compounds wherein solid-phase chemistry is not required (i.e., for those 
compounds of Formula l-wb) and for those compounds which require solid-phase chemistry for the 
attachment of the R1 moieties, the required intermediates (XIX) are prepared essentially along the same 
lines, with slight modifications, as outlined Reaction Scheme C in preparing compounds Xili. The prepara- 
tion of the l-wa and l-wb compounds is more specifically illustrated in Reaction Schemes D and E; Scheme 
D being for those compounds of l-wb and Scheme E being for those compounds of l-wa. 
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Reaction Scheme D 



PgHN 




OH r 3 



CF 2 / x NHP'g 



R2 



XV 



(1) cleavage of P'g 

(2) coupling with R7CO2H 



OH 



PgHN 




R.3 



CF 2 / \ NHCOR7 



XVI 



(3) remove Pg 

(4) couple with R'C02H 

(5) oxidation 

(6) deprotection (optional) 



O R 3 
R,HN Jl . 

Y CF 2/ \ NHCOR7 
R 2 

XVII 



wherein R-,, R 2 , R 3 and R 7 are as defined for compounds of Formula l-wb. Of course the ' standard 
procedures outlined hereinabove for the cleavage of protecting groups, coupling, re-protecting and oxidation 
are applicable to the foregoing reaction scheme. The moiety RCO of r'C0 2 H in the above Reaction 
Scheme is the equivalent of the Ri moiety. 
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XVIII 



(1) cleavage of P'g 

(2) coupling of -H0 2 C-CHC0 2 alkyl 

Ra 
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OH 
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CF 2 / X NR b C-CHC0 2 Alkyl 
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XIX 



30 



(1) replace Pg with Boc 

(2) hydrolize ester 

(3) optional oxidize OH to C = O 
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XX 

for optionally oxidized) and wherein p'g, Pg, R 2 , R 3 , R a , R b are as previously defined above, said cleavage 
and/or replacing of protecting groups, hydrolysis (e.g., basic conditions) and oxidation procedures being 
those weii-known in the art of peptide chemistry and/or as described above. 

Following synthesis of the intermediates XX, compounds of Formula l-wa can be subjected to solid- 
phase sequential and block phase synthesis techniques in order to prepare compounds having the requisite 
Ri moiety, and, of course, the hydroxy moiety, if not previously oxidized, may be oxidized by the modified 
Jones or Dess-Martin techniques described above, said oxidation preferably taking place while the 
compound is still on the resin. 

The solid phase sequential procedure can be performed using established automated methods such as 
by use of an automated peptide synthesizer. In this procedure an amino protected amino acid is bound to a 
resin support at the carboxy terminal end, the amino acid is deprotected at the amino position at which a 
peptide linkage is desired, the amino group neutralized with a base and the next amino protected amino 
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acid in the desired sequence is coupled in a peptide linkage. The deprotection, neutralization and coupling 
steps are repeated until the desired polypeptide is synthesized. The compounds of the present invention 
are thus synthesized from their carboxy terminal end to their amino terminal end. The amino protected 
amino acid can be a conventional amino acid, a derivative or isomer thereof, or a spacer group. The resin 
5 support employed can be any suitable resin conventionally employed in the art for the solid phase 
preparation of polypeptides. The preferred resin is polystyrene which has been cross-linked with from about 
0.5 to about 3% divinyl benzene, which has been either benzhydrylamidated, chloromethylated or hydrox- 
ymethyiated to provide sites for amide or ester formation with the initially introduced amino protected amino 
acid. 

ro An example of a hydroxymethyl resin is described by Bodansky et al. [Chem. Ind. (London) 38, 1597-98 
(1966)]. The preparation of chloromethyl and benzhhydrylamine resins are described by Stewart et al. 
["Solid Phase Peptide Synthesis", 2nd Edition, Pierce Chemical Co., Rockford, Illinois (1984), Chapter 2 ] 
pp. 54-55]. Many of these resins are available commercially, in general, the amino protected amino acid 
which is desired on the carboxy-terminai end of the peptide is bound to the resin using standard 

is procedures and practices as are well known and appreciated in the art. For example, the amino protected 
amino acid can be bound to the resin by the procedure of Gisin [Helv. Chem. Acta, 56, 1476 (1973)]. When 
it is desired to use a. resin containing a benzhydryiamine moiety as the resin binding site an amino 
protected amino acid is coupled to the resin through an amide linkage between its a-carboxylic acid and the 
amino moiety of the resin. This coupling is effected using standard coupling procedures as described 

20 below. Many resin-bound amino acids are available commercially. 

The- a-amino protecting group employed with each amino acid introduced into the polypeptide 
sequence may be any such protecting group known in the art. Among the classes of amino protecting 
groups contemplated are: (1) acyl type protecting groups such as formyl, trifluoroacetyl, phthaiyl, p- 
toluenesuifonyl (tosyl), benzenesuifonyl, nitrophenylsulfenyl, tritylsuifenyl, o-nitrophenoxyacetyi, and «- 

25 chlorobutyryl; (2) aromatic urethane type protecting groups such as benzyloxycarbonyl 'and substituted 
benzyloxycarbonyls such as p-chiorobenzyioxycarbonyi, p-methoxybenzyioxycarbonyl, p-nitrobenzyloxycar- 
bonyl, p-bromobenzyloxycarbonyi, 1-(p-biphenylyi)-1-methylethoxycarbonyl, a- r a-dimethyi-3,5-dimethox- 
ybennzyioxycarbonyi, and benzhydryioxycarbonyi; (3) aliphatic uretnane protecting groups such as tert- 
butyloxycarbonyl (Boc), diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl, and allyloxycar- 

30 bonyl; (4) cycloalkyl urethane type protecting groups such as cyclopentyloxycarbonyl, adamantyloxycar- 
bonyl, and cyclohexyloxycarbonyl; (5) thio urethane type protecting groups such as phenylthiocarbonyl; (6) 
alkyl type protecting groups such as triphenylmethyl (trityl) and benzyl (Bzl); (7) trialkylsiiane protecting 
groups such as trimethylsilane. The preferred a-amino protecting group is tert-butyloxycarbonyl (Boc). The 
use of Boc as an a-amino protecting group for amino acids is described by Bodansky et a! in "The 

35 Practice of Peptide Synthesis", Springer- Verlag, Berlin (1984), p. 20. 

Following the coupling of the amino protected amino acid to the resin support, the a-amino protecting 
group is removed using any suitablej?rocedure such as by using trifluoroacetic acid, trifluoroacetic acid in 
dichloromethane, or HCi in dioxane. I he deprotection is carried out at a temperature of between 0° C and 
room temperature. Other standard cleaving reagents may be used for removal of specific smino protecting 

40 groups under conditions well known and appreciated in the art. 

After removal and neutralization of the a-amino protecting group the next desired ami no-protected 
amino acid is coupled through a peptide linkage. This deprotectioa neutralization and coupling procedure^ 
repeated until a polypeptide of the desired sequencers obtained. Alternatively, multiple amino acid aroups 
may be coupled by the solution method prior to coupling with the resin supported amino acid sequence: 

45 The selection and use of an appropriate coupling reagent is within the skill of the ordinary practitioner in 
the art. Particularly suitable coupling reagents where the amino acid to be added is Gin, Asn, or Arg are 
N,N-dicydohexylcarbodiimide and 1 -hydroxy benzotriazole. The use of these reagents prevents nitrile and 
iactarn formation. Other coupling agents are (1) carbodiimides (e.g., N.N-dicyclohexylcarbodiimide and N- 
ethyl-N-( 7 -dimethylaminopropylcarbodiimide); (3) ketenimines; (4) isoxazolium salts (e.g.. N-ethy!-5- 

so phenylisoxazoiium-3-sulfonate); (5) monocyclic nitrogen containing heterocyclic amides of aromatic char- 
acter containing one through four nitrogens in the ring such as imidazoles, pyrazolides, and 1,2,4- 
triazolides (specific heterocyclic amides that are useful include N,N-carbonyldiimidazoie and N,N-carbonyl- 
di-1.2,4-triazole); (6) alkoxylated acetylene (e.g... ethoxyacetylene); (7) reagents which form a mixed 
anhydride with the carboxyl moiety of the amino acid (e.g., ethylchloroformate and isobutylchloroformate) or 

55 the symmetrical anhydride of the amino acid to be coupled (e.g., Boc-Ala-o-Ala-Boc); (8) nitrogen containing 
heterocyclic compounds having a hydroxy group on one ring nitrogen (e.g., N-hydroxyphthalimide, N- 
hydroxysuccinimide, and 1 -hydroxy benzotriazole). Other activating reagents and their use in peptide 
coupling are described by Kapoor [J. Pharm. Sci., 59, 1-27 (1970)]. The generally preferred coupling 
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method for the amino acids used in the present invention is the use of the symmetrical anhydride as the 
coupling agent. 

The preferred coupling method for Gin, Asn and Arg is to react the protected amino acid, or derivatives 
or isomers thereof, with N,N-dicyclohexylcarbodiimide and 1 -hydroxy benzotriazole (1:1) in N,N-dimethyifor- 

5 mamide (DMF) in the presence of the resin or resin-bound amino acid or peptide. The preferred coupling 
method for other amino acids involves reacting the protected amino acid, or derivative or isomer thereof, 
with N.N-dicyclohexylcarbodiimide in dichloromethane to form the symmetrical anhydride. The symmetrical 
anhydride is then introduced into the solid phase reactor containing the resin or resin-bound amino acid or 
peptide, and the coupling is carried out in a medium of (DMF), or dichloromethane. or DMF: dich- 

w loromethane (1:1). A medium of DMF is preferred. The success of the coupling reaction at each stage of 
the synthesis is monitored by a ninhydrin test as described by Kaiser et al. [Analyt. Biochem. 34,595 
(1970)]. In cases where incomplete coupling occurs, the coupling procedure is repeated. If the coupling is 
still incomplete, the deprotected amine is capped with a suitable capping reagent to prevent its continued 
synthesis. Suitable capping reagents and the use thereof are well known and appreciated in the art. 

75 Examples of suitable capping reagents are acetic anhydride and acetyiimidazoie as described by Stewart et 
al. ["Solid Phase Peptide Synthesis", 2nd Ed., Pierce Chemical Co., Rockford, III. (1984), Chapter 2, p. 73]. 

After the desired amino acid sequence has been obtained, the peptide is cleaved from the resin. This 
can be effected by procedures which are well known and appreciated in the art, such as by hydrolysis of 
the ester or amide linkage to the resin. It is preferred to cleave the peptide from the benzhydrylamine resin 

20 with a solution of dimethyl sulfide, p-cresol, thiocresol, or anisole in anhydrous hydrogen fluoride. The 
cleavage reaction is preferably carried out at temperatures between about 0* C and about room tempera- 
ture, and is allowed to continue preferably from between about 5 minutes to about 5 hours. 

As is known in the art of solid phase peptide synthesis, many of the amino acids bear side chain 
functionalities requiring protection during the preparation of the peptide. The selection and use of an 

25 appropriate protecting group for these side chain functionalities Is within the ability of those skilled in the art 
and will depend upon the amino acid to be protected and the presence of other protected amino acid 
residues in the peptide. The selection of such a side chain protecting group is critical in that it must not be 
removed during the deprotection 3nd coupling steps of the synthesis. For example, when Boc is used as 
the a-amino protecting group, the following side chain protecting groups are suitable: p-toluenesulfonyi 

30 (tosyl) moieties can be used to protect the amino side chains of amino acids such as Lys and Arg; p- 
methylbenzyl, acetamidomethyl. benzyl (Bzi), or t-butylsuifonyi moieties can be used to protect the sulfide 
containing side chains of amino acids such as cysteine, homocysteine, penicillamine and the like or 
derivatives thereof; benzyl (Bzi) or cyclohexyl ester moieties can be used to protect carboxylic acid side 
chains of amino acids such as Asp, Glu; a benzyl (Bzi) ether can be used to protect the hydroxy containing 

35 side chains of amino acids such as Ser and Thr; and a 2-bromocarbobenzoxy (2Br-Z) moiety can be used 
to protect the hydroxy containing side chains of amino acids such as Tyr. These side chain protecting 
groups are added and removed according to standard practices and procedures well known in the art. It is 
preferred to deprotect these side chain protecting groups with a solution of anisole in anhydrous hydrogen 
fluoride (1:10). Typically, deprotection of side chain protecting groups is performed after the peptide chain 

40 synthesis is complete but these groups can alternatively be removed at any other appropriate time. It is 
preferred to deprotect these side chains at the same time as the peptide is cleaved from the resin. 

The compounds are then isolated and purified by standard techniques. The desired amino acids, 
derivatives and isomers thereof can be obtained commercially or can be synthesized according to standard 
practices and procedures well known in the art. 

45 The following specific examples are given to Illustrate the preparation of this Invention although the 
scope of compounds is meant to be limiting to the scope of compounds embraced by formula I. 



EXAMPLE 1 

50 



4>Benzyloxycarbonylamino>2,2-difluor'3-hydroxy'6-methylheptanoic acid, ethyl ester 

55 A mixture of 2.080 g (8.3 mmol) of L-N-benzyloxycarbonyl Leucinal and 2.230 g (11 mol) of ethyl 
bromodifluoroacetate in dry THF (15 ml) was added dropwise to a refluxing suspension of 0.710 g of 
activated zinc wool in dry tetrahydrofuran (10 ml), under nitrogen. The addition rate was adjusted to 
maintain gentle reflux of the mixture. After the addition was complete, the solution was stirred for 3 hours at 
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room temperature. The mixture was quenched by addition of 20 ml ethyl acetate, brine and 1M KHS04 (20 
ml). The aqueous layer was dried over anhydrous MgS04. evaporated and purified by flash chromatog- 
raphy (silica gel, ethyl acetate; cy do hexane, 1:9). 1.130 g of the expected ester were isolated (yield: 36%)- 
(coiorfess oil). 
5 Rf: 0.57 (ethyl 1 acetate cyclohexane, 1:1). 



EXAMPLE 2 

w . 

4-Benzyloxycarbonylamino-2,2-difluro-3-hydroxy'6-methylheptanamide 

A stream of dry ammonia was bubbled at -78* C, through a solution of 0.820 g (2.2 mmoi) of 4- 
7o benzyloxycarbonylamino-2,2-djfluro-3-hydroxy-6-methylheptanoic acid, ethyl ester in anhydrous diethyl 
ether (10 ml). After saturation, the temperature was allowed to rise to room temperature with stirring. The 
excess ammonia was removed, and the solvent evaporated in vacuo. The residue was taken off in pentane 
to yield the expected amide in quantitative yield as a solid. 
MS(CI/NH 3 ): 345 (MH + ). 

20 

EXAMPLE 3 



25 

N-Benzyioxycarbonyi-NMert-butoxycarb^ 

A solution of 1M BH 3 /(CH 3 )2S (1 ml) in dichioromethane was added, under nitrogen, to a mixture of 
0.185 g (0.53 mmoi) of 4-benzyloxycarbonylamino-2,2-difluoro-3-hydroxy-6-methylheptanamide in anhy- 

30 drous tetrahydrofuran (10 ml). The mixture was heated at reflux for 3 hours. After cooling to room 
temperature, methanol (3 mi) and 1N HCI in diethyl ether (6 ml) were added. The solvent was removed in 
vacuo. The residue was taken off in water and the aqueous layer washed with diethyl ether. The pH of the 
aqueous phase was adjusted to 10. Diethyl ether extrac tion afforded the intermediate amine which was 
directly converted to its N-BOC protected form f(BOC) 2 0 1.5 eq;tetrahydrofuran;room temperature]. The 

as expected tert-butylcarbamate was purified by chromatography (silica gel, ethyl acetate/cyclohexane' 1:1) 
0.180 g(79% yield). 

Rf: 0.63 (ethyl acetate/cyclohexane, (1:1). 



A ° EXAMPLE 4 



N^Benzyloxycarbonyl-2,2-diTluoro>3-hydroxy-S-methyl-1,4-heptanediamine, trifluoroacetate 

A solution of 0.320 g(0.75 mmoi) of N 4 -benzyioxycarbonyi-N 1 -tert-butoxycarbony!-2,2-dif!uoro-3- 
hydroxy-6-methyM,3-heptanediarnine in trifluoroacetic acid (5 ml) was stirred at 0'c for 30 minutes. The 
solvent was then removed in vacuo, and the residual oil taken off several times in diethyl ether and 
evaporated to dryness. The expected amine was obtained in quantitative yield and used in the next step 
50 without further purification. The pure free amine was isolated through the following procedure: washing the 
ethereal solution of the trifluoroacetate salt with saturated sodium bicarbonate (three times). The organic 
phase was dried over anhydrous magnesium sulphate. Filtration and removal of the solvent in vacuo left 
the expected pure N*-benzyloxycarbonvl-2,2-difluoro-3-hvdroxv-6-methvl-l t 4-heptanediamin e a« a wh*« 
solid. (78% yield). 

55 
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Analysis calculated for C1SH2+N2O3F2 



found 



C%: 


58.17; 


H%: 


7.32; 


N%: 


C%: 


57.66; 


H%: 


7.18; 


N%: 



8.48 
8.31 



10 



EXAMPLE 5 



75 



20 



25 



. N*-Benzyloxycarbonyi-22-difluoro-3-hydro^ ,4-heptanediamine 

To a stirred solution of 0.130 g(0.75 mmol) of N-isovaleryl-D-alanine in dry acetonitriie (5 ml), under 
nitrogen, was added 0.075 g (0.75 mmol) of N-methylmorpholine. The resultant solution was cooled to 
-20 *C. Isobutyl chloroformate (0.103 g: 0.75 mmol) was added dropwise to the cooled reaction mixture. 
After 10 minutes, a mixture of 0.333 g (0.75 mmol) of N4-benzyloxycarbonyi-2,2-difluoro-3-hydroxy-6- 
methyl- 1 ,4-heptanediamine, trifluoroacetate and 0.080 g of N-methylmorpholine in dry dimethylformamide (5 
ml) was added to the cooled mixture. After stirring for 4 hours at -20 " C, the temperature of the mixture was 
allowed to rise to room temperature. Stirring was continued for 15 hours at room temperature. The mixture 
was then concentrated and placed under high vacuum to remove all the dimethylformamide. The resultant . 
residue was chrornatographed (silica gel, ethyl acetate) to give the expected peptide in 65% yield. 
Rf: 0.13 (ethyl acetate/cyclohexane, 1:1). 







Analysis calculated for C 


24H37N3O5 F2 








C%: 


59.36; 


H%: 


7.68; 


N%: 


8.65 


30 


found 


C%: 


59.72; 


H%: 


7.72; 


N%: 


8.54. 
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EXAMPLE 6 



2,2-Dinuoro-3"hydroxy-N'-(2-isovaieryiaminopropionyl)-6-m6thyi-1,4'heptanediamine 
40 '■ ~~ " 

A solution of 0.192 g(0.39 mmol) of N*-ben2yloxycarbonyl-2 : 2-difluoro-3-hydroxy-N 1 -2- 
(isovalerylaminopropiony!)-6-methyl-1 f 3-heptanediamine in ethanol (20 ml) was stirred at room temperature, 
in the presence of 10% Palladium on charcoal (0.010 g) under a hydrogen atmosphere for 5 hours. The 
hydrogen atmosphere was then replaced by a nitrogen atmosphere and the catalyst was filtered. The 
45 solvent was removed in vacuo leaving 0.125 g of a white solid (82% yield). 

EXAMPLE 7 



2 t 2-Difluoro-3-hydroxy'N^-(2-isovalerylaminoisovaieryl)-N l -(2-isovalerylaminopropionyi)-6-methyl- 1 ,3- 
heptanediamine ! ~ ~" 

55 The title compound was obtained from the amine of Example 6 and N-isovaleryl-L-valine by the 
procedure described in Example 5. 
Rf: 0.45 (methanol/chloroform, 8:92). 
MS(CI/NH 3 ): 535 (MH + ). 
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EXAMPLE 8 



2,2-Difluoro^N 4 -(2-isovalerylam^ 

heptansdiarnine ~ " — 

A solution of 0.024 g (0.045 mmol) of 2 t 2-difluoro-3-hydroxy-N 4 -(2-lsovaleryiaminoisovaleryl)-N 1 -(2- 
isova!eryl-aminopropionyi)-6-methyl-1,4-heptanediamine in methylene chloride (5 mi) was added to a 
suspension of pyridinium dichromate (0.026 g) and 3A molecular sieves {0.038 g), containing 4 liters of 
glacial acetic acid. Stirring was continued for 15 hours at room temperature. Florisil (0.080 g) was added, 
stirring continued for 15 minutes and the mixture filtered over sand. Removal of the solvent and chromato 
graphy (silica gel, ethyl acetate/acetone, 7:3) afforded the expected difluoroketone as a white solid (0.013 g; 
55% yield). 

Rf: 0.46- (methanol/chloroform 8:92) 
MS(CI/NH 3 ): 532 (M + ). 




EXAMPLE 9 



N*-Benzyloxycarbonyl-2.2-difluoro-3-hydro 

heptanediamine ~ — . 

To a solution of 0.155 g (0.82 mmoi) of 2-isopentyfaminocarbonyipropanoic acid, 0.126 g of 1- 
hydroxybenzoiriazole-H 2 0 and 0.169 g of N.N'-dicyclohexylcarbodiimide in anhydrous methylene chloride 
(5 mi), at 0* C was added a mixture of 0.363 g (0.82 mmol) of N*-benzyloxycarbonyl-2,2-difiuoro-3-hydroxy- 
6-methyl-1,4-heptanediamine, trifluoroacetate and 0.083 g (0.82 mmol) of N-methylmorphoiine in methylene 
chloride (3 ml). The cooling bath was removed after ! 1 hour and the reaction was stirred at room 
temperature overnight. The reaction mixture was then filtered and the filtrate was concentrated in vacuo. 
The expected peptide was isolated in 83% yield (0.340 g) after column chromatography purification (silica 
gel, ethyl acetate/chloroform, 1:1). 
Rf: 0.16 (ethyl acetate/chloroform, 1:1), 





Analysis calculated for CasHagNaOsFa 




found 


C%: 
C%: 


60.10; 
60.26; 


H%: 
H%: 


7.87; 
7.81; 


N%: 
N%: 


8.41 
8.33. 



EXAMPLE 10 



2 < 2-Oifluoro-3-hydroxy^N 1 -(2'isopentylaminocarbonylpropionyl)-6-methyl-1,4-heptanediamine 

The title compound was prepared from the peptide of Example 9 by the procedure. described in 
Example 6 (96% yield). 



EXAMPLE 11 



2,2-Difluoro-3-hydroxy-N*-(2-isovale^ 
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1 ,4-heptanediamine 

The title compound was prepared from the amine of Example 10 and N-isovaleryl-L-valine bv the 
procedure described in Example 9. y y ine 

5 Rf: 0.41 (methanol/chioroform, 8:92) 
MS<aNH 3 ): 549 (MH+). 



EXAMPLE 12 



70 



15 



2.2-Difl^ 

neptSi leotammc? ~* * 

ExsZVsUTS* ^ ff0m a,C ° h0i ° f ExamP ' e 11 * the P roced - ***** in 
MS(Cl,NH 3 ): 547 (MH + ). 



20 



EXAMPLE 13 



25 ^B^zvloxycarbonyla mino^^difluoro^hydroxy^-phenyi^entanoic acid, ethyl 



ester 



30 



The title compound was prepared from L-N-benzyloxy-carbonytphenylalaninai and ethvl 
bromodifluoroacetate by the procedure described in Example 1 (75% yield) V 
Rf: 0.5 (ethyl acetate/cyclohexane, 1:1). 



35 





Analysis calculated for C2VH23NO5F2 




C%: 


61 .91; 


H%: 


5.69; 


N%: 


3.44 


found 


C%: 


62.19; 


H%: 


5.75; 


N%: 


3.55 



40 



EXAMPLE 14 



45 



4>Senzylcxycar bonylamino-2 t 2-difluoro-3-hydroxy-5>pheny}>pentanamide 

2 ( 9^^r mpound was prepared from the ester ° f Examp,e 13 by tha pr ° cedure described in 



so 



EXAMPLE 15 



N^Benzyloxycarb 0 nvl-N1-tert -butoxycafbon y |.2,2-difuoro-3-hydr 0 xy-5-phenyl-1,4-pentanediami n e 

55 eJSLZS^SS" was prepared from the amide of Examp,e 14 by the procedure de - ibed ' 
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EXAMPLE 16 



5 N^tert-Butoxycarbonyi^.a-difluorO'a'hydFQxy-S'phenyl'l.^pentanediamine 



The title compound was prepared in quantitative yield from the dicarbamate of Example 15 by the 
procedure described in Example 6. 



EXAMPLE 17 



'5 N^Benzoyl-N^tert-butoxycarbonyl^^'difluoro^-hydroxy-S-phenyl-l.^pentanediamine 

A solution of 0.330 g (1.03 mmol) of N 1 -tert-butoxy-carbonyl-2,2-difluoro-3-hydroxy-5-phenyl-1 ,4-pen- 
tanediamine and 0.145 g benzoyl chloride (1.03 mmol) in anhydrous tetrahydrofuran was stirred at room 
temperature for 14 hours in the presence of 0.101 g triethylamine (1 mmol). The solvent was removed in 
20 vacua The residue was taken off in a mixture of methylene chloride and water. The organic phase was 
dried over MgSCU. bvaporation and recrystaliization from ethyl acetate/pentane afforded the expected 
compound as a white solid. 



25 



found 



Analysis calculated for C23H23N2O4F2 



C%: 


63.58; 


H%: 


6.49; 


N%: 


C%: 


63.68; 


H%: 


5.75; 


N%: 



6.45 
6.85 
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EXAMPLE 18 



N^-Senzoyl-a^'difluoro-S-hydroxy-S-phenyl-l^-pentanedi-amine, trifiuoroacetate 



40 



The title compound was prepared in quantitative yield from the product of Example 17 by the procedure 
of Example 4. 



EXAMPLE 1Q 



45 



50 



N 1 -AcetyhN4>benzoyi-2,2-difluorO"3'hydroxy-5'phenyl-1,4-pentaned>amine 

The title compound was prepared from the amine of Example 18 and acetic anhydride by the 
procedure described in Example 17 in the presence of 2 equivalents of N-methy!«morpho!ine 
MS(Ct/NH 3 ):377(MH + K 



55 



EXAMPLE 20 



N^Acetyl-N^enzoyl^^-difiuoro^-oxO'S-phenyl-l^-pen-tanediamine 
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The title compound was prepared from the alcohol of Example 19 by the procedure described in 
example 8. 

Rf: 0.25 (methanol/chloroform, 8:92). 
MS(C!/NH 3 ):375 (MH*). 



EXAMPLE 21 

70 

4-Ben2yloxycarbonylamino-2,2>difluorQ-3-hydroxy-5-methyl-h8xanoic acid, ethyl ester 

The title compound was prepared from L-N-benzyloxycarbonylvalinal and ethyl bromodifluoroacetate by 
ihe procedure described in Example 1. (40% yield) 

?5 

EXAMPLE 22 

20 

4-Benzyloxycarbonylamino-2 t 2-dinuoro-3-hydroxy-5-methyl-hexanamide 

desc'ibedin SpTet *" yie,d from the **er of Example 21 by the procedure 



25 



30 



EXAMPLE 23 



N 4 -Ben^loxycarbo^^ 

The title compound was prepared 
Example 3 (yield: 40%). 
35 Rf: 0.50 (ethyl acetate/cyclohexane; 1:1) 



Example J^STSS? ^ ^ ^ " EXamP ' 8 ^ * * 



EXAMPLE 24 

40 

The title compound was prepared in quantitative yield from the dicarbamate of Example 23 bv m« 
45 procedure Described in Example 6. 



EXAMPLE 25 

50 

55 The title compound was prepared from the amide of Example 24 and methoxy succinyl-L-alanyl-L- 
ainanyl-L-pro-l.ne by the procedure described in Example S (yield: 48%). 
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75 
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EXAMPLE 26 



5 2 - 2 - D ffl"oro-3-hydra^ trifluoro- 
acetate " ~~ : — : 

The title compound was prepared in quantitative yield from the product of Example 25 by the procedure 
described in Example 4. 



EXAMPLE 27 



22-Difluoro-3-hydroxy-NHme^^ 

t,4-hexanediamine "~ — 

The title compound was prepared from the amine saltof Example 26 and 2-methyimaionamic acid by 
20 the procedure described in Example 9. 



25 



EXAMPLE 28 



2.2-Difluoro-N 4 -[methoxysucd^ 4. 
hexanediamine ~ " ~~ — : — 

'30 The title compound was prepared from the alcohol of Example 27 by the procedure described in 
Example 8. 



EXAMPLE 29 



5"Ben2yloxycarbonylamino-3,3-difiuQro-4-hydroxy"7-methyl-2-QCtan one 

40 A 1.6 M solution of methyl lithium in 1 ml of diethyl ether was added at -78° C to a solution of 0.135 a 4- 
ben2yloxycarbonylamino-2,2-difiuoro-3-hydroxy-6-methylhep-tanoic acid, ethyl ester (0.5 mrnoi) in 5 ml dry 
tetra-hydrofuran. After stirring for 1 hour at -78 " C, the temperature was allowed to rise to room temperature. 
Stirring was continued for 3 hours at room temperature. The mixture was hydrolyzed and extracted with 
diethyl ether. The organic layer was washed with brine and dried over MgSO*. Filtration and removal of the . 

45 solvent, in vacuo, left an oil, purified by column chromatography (silica gel, ethyl acetate/cyclohexane, 2:6). 
0.080 g of the expected ketone was thus isolated as a colorless oil (yield 47%). 
Rn 0.56 (ethyl aceiate/cyciohexane, 1:1). 

50 EXAMPLE 30 



N5-Ben2yloxycarbonyNN2>tert-butoxycarbonyl>3,3>difiuoro-4-hydroxy>7-methyl-2 t 5<>ctanediamine 

A mixture of 0.080 g 5-ben2yloxycarbonylamino-3,3-difluoro-4-hydroxy-7-methyl-2-octanone (0.23 
mmo!),0.177 g ammonium acetate (2.3 mmol), and 0.010 g sodium cyanoborohydride (0.16 mmol) in 3 ml 
methanol was stirred at room temperature, under nitrogen, for 20 hours. The mixture was acidified by 
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addition of IN HCI (2 m!) and the solvent removed in vacuo. The residue was taken off in water the 
aqueous Phase was washed with diethyl ether. The pH of the aqueous phase was adjusted to 10. Diethyl 
ether afforded the intermediate amine which was directly converted to its N-BOC protected form f(B0C)2O 
1.5 equivalent; tetrahydrofuran; room temperature]. The expected dicarbamate was purified by chromatog- 
raphy (silica gel, ethyl acetate/cyclohexane, 1:1). Y umai0 9 



EXAMPLE 31 

'0 

NH2-Benzylaminocarbony{-3-methy^ 

heptanediamine — — - — — 

/5 - The title compound was prepared from the amine of Example 4 and 2-hen 2 yiaminocarbonyi-3- 
methylbutanoic acid by the procedure described in Example 9 (yield- 55%) 
Rf: 0.60 (ethyl acetate) 
MS(CI/NH 3 ): 548 (MH + ). 



20 





Analysis calculated for C29H39N3O5F2 




C%: 


63.60; 


H%: 


7.18; 


N%: 


7.67 


found 


C%: 


63.71; 


H%: 


7.10; 


N%: 


7.44. 
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EXAMPLE 32 



me 



35 7? .TZ? preP3red fr ° m the com P° und of Example 31 by the procedure described 

i_xampie b (yield: 97%). 



in 



EXAMPLE 33 

40 



' 2,2-di-fiuoro-3-hydroxy-6-methyi-1,4-heptanediamTne ~ : ' — 

The title compound was prepared from N-benzyloxycarbonyl-N^-tert-butoxycarbonyl-L-Histldine and 
the amine of example 32 by the procedure described in Example 5 (yield' 54%) 
Rf: 0.35 (ethyl acetate). 
MS: (CI/NH 3 ): 785 (MH + ). 

50 

EXAMPLE 34 



b-metnyl-1 ,4-heptaneaiamine " " — - — 

The title compound was prepared from the compound of Example 33 by the procedure described in 

35 
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Exampte6(Y»eW:90%V 



EXAMPLE 35 



70 



EXAMPLE 36 



75 



- ^S^ES^----— -« 



Renzvlaminocan^^^ 



25 




EXAMPLE 35 



40 



50 



Tns ««e compouno was prepared m 70. V 

described in Example 8. 

4 0.62 (methanoVchloroform 8.921 

MS(CI/NH 3 y- 758(MH ). 

EXAMPLE 33 



55 



b3o^^^Si. h,s " yii± --- 
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The title compound was prepared in 63% yield from the alcohol of Example 36 by the procedure 
described in Example 8. H 
Rf: 0.29 (ethyl acetate) 
MS(CI/NH 3 ): 930(MH*). 



EXAMPLE 40 



NM2-Benzylaminocarbonyl-3- methylbutanoyl)-N t -[N-(benzyloxy-c arbonvl).L-phen V lalanvl-L-hi fi tirivii.9 o. 
difluoro-5-methyl-3-oxo-l,4-heptanediamine ~ " — - y J — 

A mixture of 0.035 g (0.04 mmol) of N'-(2-benzylaminocarbon y l-3-methylbutano y l)-N*-fN- 
(b8n 2 yloxycarbonyl)-L.phenyl3lan y l-N' m -(tert-butoxycarbonyl)-L-hi3tid y i]-2.2-difluoro-6-methyl-3-oxo-1 4- 
heptaned.amine and trifluoro acetic acid (5 mL) was stirred at 0* C for one hour. The solvent was removed 

^2 f ! W3S t3 ? n 0ff i0 eth y' acetate - ™« cyanic solution was washed with 5% sodium 
bicarbonate and dried over anhydrous magnesium sulphate. Filtration, removal of the solvent in vacuo and 
purification by flash chromatography (silica gel; chloroform/methanol 98:2 to 92:8) yielded 0 019 a of the 
title compound as a white solid (61% yield). a 
MS(DCI/CI+/NH 3 ): 830(MH*,90); 722(83); 683(100); 649(21); 575(70)- 504(76) 
MS(DCI/CI+/NH 3 ): 830(MH*. 90); 722(83); 683(100); 649(21); 575(70); 504(76). 

EXAMPLE 41 . 



wpiinlt T COmp ° und was P re P ared in 38% yield from the amine of. Example 4 and N-phenylacetyl-D- 
valine by the procedure described in Example 9. 
Rf: 0.52 (silica gel; ethyl acetate) 

MS: 565(MNH + , 57); 548(MH*. 38); 457(85); 440(63); 414(100); 324(11). 

EXAMPLE 42 



2,2-Difiuoro-3-hydroxy.6-methyl- NM3^^^^ 

The title compound was prepared in .63% yield from the carbamate of Examole 41 bv the procedure 
descnbed in txample 6. ' ' m'v— — <~ 



EXAMPLE 43 



^jNjte^butocy^^ 

pnenylacetylaminobutanoylH^-heptanedTamine " m 1 1 • — 

a nH T t h e title . comp f 0u c nd was P re P ared ^ 97% yield from N-(tert-butoxycarbonyl)-L-phenylalanyl-L-n-valine 

SLSZSUX^ by the ~ described in Example 9 (solvent ~ 

MS(DCWCI +/NH 3 ): 777(MNH * , 66); 760(MH J . 100); 703(20); 686(15), 660(1 5). 
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EXAMPLE 44 



N 4 -[N.-(tert-butoxycarbony^ 

phenylacetylaminobutanoyl)-3-oxo-1 t 4-heptaned iamine : 

The title compound was prepared in 50% yield from the alcohol of Example 43 by the procedure 
described in Example 8. 
MS: 775(MNH + . 30), 758(MH* . 100). 



EXAMPLE 45 



N^Ca-Benzylaminocarbonyl^-methyfbutanoyl^N^-tN^benzyloxycarbonylhL-phenylalanyi-L-n-v alyl^a^ 
difluoro-3-hydroxy-6-methyH,4-heptanediamine ~" * 

The title compound was prepared in 77% yield from N-(benzyloxycarbonyl)-L-phenyiaianyl-L-n-valyl and 
the amine of Example 32 by the procedure described in Example 9. 
Rf: 0.47 (siiica ge!; chloroform/methanoi 92:8) 

MS(DCI/Cl+/NH 3 ): 811(MNH + , 25); 794(MH + , 9); 703(100); 686(18); 660(5); 613(7). 



EXAMPLE 46 



N 1 >(2-Benzylamindcarbony{-3-methylbUtanoyl)-N 4 -[N-(benzyloxycarbonyl)-L-phenylalanyl«L-n-v alyi>2 1 2- 
difluoro-e-methyl^-oxo-l^-heptanediamine : ~~ ' ~ — 

The title j:ompound was prepared in 82% yield from the aicohol of Example 45 by the procedure 
described in txample 8. 
Rf: 0.64 (silica gel; chloroform/methanoi 92:8) 
MS(DCI/Ct +/CH4): 792(Mhf). 



EXAMPLE 47 



NM2-Benzy!aminocarbonyl-3°me^ 

2,2<lifluoro-6-methy1-3-oxo-l t 4-heptanediamine " " " : " : — 

The title compound was prepared in 60% yield from the alcohol of Example 33 by the procedure 
described in Example 8. 
Rf: 0.44 (silica gel; ethyl acetate) 

MS(DCI/Ci+/NH 3 ): 783(MH\ 40); 683(66); 575(38); 457(100). 



EXAMPLE 48 



N^-Benzyiaminocarbonyl^-methylb^ 

oxo-1 ,4-heptanediamine — " " — — 
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The title compound was prepared in 54% yield from the ketone of Example 47 by the procedure 
described in Example 40. 
Rf: 0.19 (silica gel; chloroform/methanol 92:8) 
MS(DCI/CI+ NH 3 ): 683(MH\ 100); 575(60). 



EXAMPLE 49 



butoxycarbonyl>L-histidyl]>2,2-difluoro-6-methyh3>oxo>l t 4-heptanediamine ~ ~ 

The title compound was prepared in 50% yield from the alcohol of Example 35 by the procedure 
described in Example 8. 
Rf: 0.36 (silica gel; ethyl acetate) 

MS(OCI/CI+/NH 3 ): 980(MH*, 2); 880(16); 772(100); 753(26); 732(90); 575(23); 498(100). 

EXAMPLE 50 



NW2-Benzyla minocarbonyl-3-me^ 

2 t 2-difiuoro-S-methyl-3-oxo-1,4>h6ptanediamine "~~ ~~ — 



The title compound was prepared from the carbamate of Example 49 by the procedure described in 
txample 40. 



EXAMPLE 51 



NW2-Benzylaminocarbonyl-3-methy^ 

butoxycarbonyl)-L-histidyl]-2^ 

The title compound was prepared in 50% yield from (N-tert-butoxycarbonyD-L-phenyialanine and the 
amine or txample 34 by the procedure described in Example 5. 
Rf: 0.43 (silica gel; ethyl acetate). 



EXAMPLE 52 



N 1 -(2-Benzylaminocarbonyl-3-methy^ 

outoxycarbonyQ-L-histidyll^^-difluoro-e-methyi^-oxo-l^-heptanedian^ : ^ 

The title compound was prepared in 53% yield from the alcohol of Example 51 bv the procedure 
described in Example 8. H 
Rf: 0.57 (silica gel; ethyl acetate) 

MS(DCI/CI+/NH 3 ): 896.5 <MH + , 24); 796.4(76); 696.4(4); 649.4(100). 



EXAMPLE 53 
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N 1 -(2-BenzylanninocarbonyJ-3-methyibutanoyl)-N* 
dif luoro-6-methy 1-3-oxo- 1 .4-heptanediamine 



[N-(terlbutoxycarbony()-L-phenyialanyl-L-histidyl]'2 t 2- 



w 



To a solution of N , -(2-benzylaminocarbonyl-3-methylbutanoyi)-N 4 -[N-(tert-butoxycarbonyl)-L- 
phenylalanyl-N ,m -(tertbutoxycarbonyl)-L-histidy^^ (0.179 g, 

0.2 rnmol) in methanol (3 mL) was added . anhydrous potassium carbonate (0.063 g, 0.46 mmol). The 
mixture was stirred 1.5 hours at room temperature. Acetic acid (0.2 mL) was added and the mixture was 
evaporated to dryness, at reduced pressure. The residue was taken off in ethyl acetate. The organic 
solution was washed with 5% sodium bicarbonate, arid dried over anhydrous magensium sulphate. 
Filtration, removal of the solvent in vacuo and purification by flash chromatography yielded the title 
compound as a white solid. 



75 



EXAMPLE 54 



20 



25 



N 1 >(2-Ben2yiaminocarbonylpropanoyl)->N 4 -(benzytoxycarbonyl)"2,2-difluoro-3-hydroxy-6'methyh1 t 4" 
heptanediamine 



The title compound was prepared in 81% yield from 2-benzy!aminocarbonylpropanoic acid and ths 
amine of Example 4 by the procedure described in Example 9. 
Rf:.0.48 (silica gel; ethyl acetate) 
. MS{DC!/CI + /NH 3 ): 537((MNH * , 96); 520(MH + , 100); 420(10); 386(23); 242(37); 225(89). 



35 



EXAMPLE 55 



30 . 



N T -(2-Benzylaminocarbonylpropanoyl)-2 t 2-difluoro-3'hydroxy-6-methyl-1.4-heptan8diamine 

The title compound was prepared in 87% yield from the carbamate of Example 54 by the procedure 
described In Example 6. 



EXAMPLE 56 



40 



NM2-Ben2ylaminocarbonyipropanoyl)-NH 

hydroxy-6-methyH,4-heptanediamine : ~ " 

The title compound was prepared in 66% yield from N-(tert-butoxycarbonyl)*L-phenyialanyl-L-n-vaiine 
45 and the amine of Example 55 by the procedure described in Example 5. 
Rf: 0.40 (silica gel; chloroform/methanol 92;8) 

MS(DCI/Ci+/NH 3 : 749 (MNH * . 28); 732(MH\ 82); 632(39); 282(96); 265(100). 



50 



Analysis calculated for Cas 


H 55 N 5 


Oz F 2 : 






C%: 


62.36; 


H%: 


7.57; 


N%: 


9.57. 


Found: 


C%: 


62.13; 


H%: 


7.59; 


N%: 


9.34. 



55 



EXAMPLE 57 



40 
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N , -(2-Ben2yla minocarbonylpropanoyl)-N^[N-(tert-butoxycarb onyl)-L-phenylalanvl-L-n-va( v n.? 2-difluoro-6- 
methyl-3-oxo- 1 .4-heptanediamine — — — L — : — 

The title compound was prepared in 79% yield from the alcohol of Example 56 by the procedure 
5 described in Example 8. 

Rf: 0.52 (silica gel; chloroform/methanol 92:8) 

MS(DCI/CI+ NH 3 ): 748(MNH + . 16); 731(MH\ 100). 



70 



Analysis calculated for: C 3 g Hs 3 Ns 0? F 2 ; 





C%: 


62.53; 


H%: 


7.32; 


N%: 


Found 


C%: 


62,10; 


H%: 


7.37; 


N%: 



9.59. 
9.53. 



75 



EXAMPLE 58 



20 



NH2-Benzyla minocarbonyiacetyO-^ 

neptanediamine ~ — — — ' 



25 ^ The title compound was prepared in 65% yield from 2-bsnzylaminocarbonvIacetic acid and the an 
Oi example 4 by the procedure described, in Example 9. 
Rf: G.32 (silica gel; ethyi acetate) 
MS(DCf/CI +/NH 3 ): 523(MNH + , 100); 506(MH + , 26). 



30 



Analysis calculated for C 2 s H 33 N 3 Os F2: 





C%: 


61.77; 


H%: 


6.58; 


N%: 


Found: 


C%: 


61.50; 


H%: 


6.59; 


N%: 



8.31. 
8.23. 



35 



EXAMPLE 5S 



40 



The compound was prepared in 93% yield from the carbamate of Example 58 by the proc*du* 
4o descnoed in Exampie 6. us ^ucvju. 

EXAMPLE 60 



50 



55 



NyBenzylam 

hydroxy-6-methyH ,4-heptanediamine 1 1U — L — — 

The title compound was prepared in 33% yield from N-ftert-butoxycarbonylK-phenylalanyl-L-n-valine 
and the am.ne of Example 59 by the procedure described in Example 5 
Rf: 0.42 (silica gel; chloroform/methanol 92/8 
MS(DCI/C!+/NH 3 ): 736(MNH + , 58); 719(MH*. 100). 



41 
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EXAMPLE 61 



N 1 -(2-BenzylaminocarbonyJace^^^ 

methyl-3'Oxo-t,4-heptanediamTne — : : ~ : 

The title compound was prepared in 46% yield from the alcohol of Example 50 by the procedure 
described in Example 8. 
m.p.: 81 *C 

Rf: 0.34 (silica gel; ethyl acetate) 
MS(DCI/CI +/NH 3 ): 716.5(MH*,"lQ0). 



EXAMPLE 62 



NH2-Benzylaminocarbonylpropanoyl)-^ ,4- 
heptanediamine " ~ : — 

A mixture of 0.157 g of N , -(2-benzylaminocarbonylpropanoyl)-2 t 2-difiuoro-3-hydroxy- 6-rnethyM ,4- 
heptanediamine (Example 55) and ditertiobutyldicarbonate (0.088 g) in anhydrous tetrahvdrofuran (5 mL) 
was stirred at room temperature for 15 hours. Removal of the solvent in vacuo and chromatography (silica 
gel; ethyl acetate: cyclohexane 3/7) yielded 0.140 g of the title compound (72% yield). 
Rf: 0.50 (silica gel; ethyl acetate) 
MS(DC!/CI+/NH 3 ): 5Q3(MNH * , 60); 4S6(MH* , 100). 



EXAMPLE 63 



N 1 -(2-Senzyiaminocarbonyipropanoyi)-^ 4 . 
heptanediamine " ™ *~ ' ~ ~ : — 

The title compound was prepared in 63% yield from the alcohol of Example 62 by the procedure 
described in Example 8. 
Rf: 0.60 (silica gel; ethyl acetate) 
MS(DCl/GI+/NH 3 ): 501(MNH * , 100); 484{MH*, 45). 

EXAMPLE 64 



N'-(2-Ben2ylaminocarbonylpropanoyi)-2 ; 2-di^ hydrochloride 

A mixture of 0.085 g of ketone of Example 63 and a saturated solution of hydrogen chloride in diethyl 
etner (5 mL) was stirred at room temperature for 15 hours. A white precipitate formed during that time. The 
solid; was: filtered off, rinsed thoroughly with pentane and dried in high vacuo. 
Rf: 01.46 (silica gel; Ac0H/Bu0H/H 2 O, 2:6:2) 
MS(DCI/Ct+/NH 3 ): 334(iV»rT f 100); 344(74). 



EXAMPLE 65 
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NM2-Benzylaminocarbonyl-3-m^ 4- 
heptanediamine " : — " " — - — • — 

The title compound was prepared in 65% yield from the amine of Example 32 by the procedure 
5 described in Example 62. 

Rf: 0.62 (silica gel; ethyl acetate) 

MS(DCI,Cf + 'NH 3 ): 531 (MNH * , 10); 514(MH\ 100. 

10 EXAMPLE 66 



NH2-Benzyiaminoc3rhonyl-3-me^ 4 . 
?5 heptanediamine ~ "~ "~ " — — 1 — 

The title compound was prepared in 79% yield from the alcohol of Example 65 by the procedure 
described in Example 8. 
Rf: 0.75 (silica gel; ethyl acetate) 
20 MS(DCI/CI + /NH 3 ): 529(MNH + 70); 512(MH*, 100); 489(14). 



EXAMPLE 67 



NH2-ttenzyMa minocarbonyl-3-methyl^ 4 . 
heptanediamine, hydrochloride ~~ : ' — : — 

30 the title compound was prepared in 94% yield from the ketone of Example 66 by the procedure 
described in Example 64. H 
m.p.: 110" C (decomposition) 
Rf: 0.65 (silica gel; AcOH/BuOH/H 2 0. 2:6:2) 
MS(DCl/CI+/NH 3 ): 412(Mhf, 75); 372(45); 103 (100) 

35 . 



40 



Analysis calculated for C21 H 32 N 3 0 3 F 2 CI, H 2 0: 





C%: 


54.13; 


H%: 


7.35; 


N%: 


9.02. 


Found: 


C%: - 


54.55; 


H%: 


7.37; 


N%: 


8.76. 



45 



EXAMPLE 68 



N*-Benz y loxyca rbonyi-2.2-dlfiuoro^ 4 . 
5Q heptanediamine " — — 

The title compound was prepared in 67% yield from 2R-phenylacetylaminopropanoic acid and the 
amine of Example 4 by the procedure described in Example 9. 
m.p.: 146*C 

ss MS(DCi/Ci+/NH 3 ): 537(MNH J, 100); 520(MHi\ 42); 386(20); 153(55) 
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Analysis calculated for C27 H35 N 3 O5 F 2 : 



Found: 



C%: 


62.41; 


H%: 


6.79; 


N%: 


C%: 


62.34; 


H%: 


6.83; 


N%: 



8.09. 
7.93. 



70 



EXAMPLE 69 



75 



2,2rDffluoro-3-hydroxy-6-methyl^^ 

The title compound was prepared in 95% yield from the carbamate of Example 68 by the procedure 
described in Example 6. 



20 



EXAMPLE 70 



25 : 



N*-(tert-Butoxycarbonyi)-2 t 2-dm^ 4. 
heptanedlamine ~ : ~ ' — 



The title compound was prepared in 78% yield from the amine of Example 69 by the procedure 
described in Example 62. 
Rf: 0.50 (silica gel; ethyl acetate) 
3Q MS(DC!/CI +/NH 3 ): 503(MNH + , 93); 486(MH*. 100);. 



EXAMPLE 71 



35 



NStert-Butoxycartonyl)-2 ? 2-dif^ 

heptanediamine ™ ~" 



^ The title compound was prepared in 96% yield from the alcohol of ExamDle 70 by the procedure 
described in Example 8. 
Rf: 0.60 (silica gei; ethyl acetate) 

MS(DC!/Cl+/NH 3 ): 501(MNH + , 55); 4S4(MH*. 74); 466(13); 445(44); 428(100). 



45 



EXAMPLE 72 



50 2^>Difiuoro-6-methyl-N^(2R-phenylacetylaminopropanoyl)-3-oxo-1 t 4-heptanediamine, hydrochloride 

The title compound was prepared in 91% yield from the ketone of Example 71 by the procedure 
described in Example 64. 
m.p.: 1 10* C (decomposition) 
55 Rf: 0.59 (silica gel; AcOH/BuOH/H 2 0, 2:6:2) 

MS(DCI/CI+/NH 3 ): 384(MH\ 100); 344(34); 153(85); 103(85). 



EXAMPLE 73 
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w 



N^-Ben 2 yloxycarb 0 nyl-2.2.difluo r o-3-hyciro X y-6-methyl-N--(3-methylbutanoyl).i,4-heptanediamine 

The title compound was prepared in 86% yield from isovaleric acid and the amine of Example 4 by the 
procedure described in Example 5. p y 

Rf: 0.33 (silica gel; ethyl acetate/cyclohexane 1:1) 
MS(DCI/CI+.NH 3 ): 432(MNH + 100); 415(MH\ 57); 281(70). 



75 



20 



EXAMPLE 74 



2,2-Difluoro-3-hydroxy-6-methyl-N'-(3-methylbutanoyl)-1,4-heptanediamine 

docZ h h e H it!e =° mp0 , Un = Prepar8d in 89% y ' eld from the carbarT ^ of Example 73 by the procedure 
described in Example 6. 



EXAMPLE 75 



25 



,n ^ C0 TP° Und WaS P re P ared in 82% yield from N-(tert-butoxycarbonyl)-L-phenylalanyl-L-n-valine 
30 and the am.ne of Example 74 by the procedure described in Example 9. ny.a.any. n vai.ne 

Rf: 0.41 (silica gel; chloroform/methahol 92:8) 

MS(DCI/CI+/NH 3 ): 644(MNH + , 61); 627(MH\ 100). 



35 



EXAMPLE 76 



m N ' 4 -^-^rt-Butox y c a rbon y i)-L- p henyl alanyi-L-n-vaiyl}.2,2-difluoro-6-methyl-N^(3-m ethvlbu^ d- 
40 neptaneaiamine — — 

desc'Ltfexamp'ea 6 ° % *** ^ a,COh0, * E ^ 75 * ^ 

Rf: 0.49 (silica gel; chioroform/metnanol 92:3) 
45 MS(DCi/Ci +/NH 3 ): 643(MNH * , 100); 625(MH\ 35). 



50 



Analysis calculated for: C32 H 5 q N 4 O s F 2 : 





C%: 


61.52; 


H%: 


I 8 07; 


N%: 


8.97 


Found: 


C%: 


61.56; 


H%: 


J 8.35; 


N%: 


8.81 



55 



EXAMPLE 77 



45 
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N A 'Ben2yloxycarbonyl>2 t 2'diHuQro'3-hydroxy'5-pheny{-1,4-pentanediamine 

The trifluoroacetic acid salt of the title compound was prepared in quantitative yield from the carbamate 
of Example 15 by the procedure described in Example 4. An ethereal solution of this TFA salt was washed 
with saturated sodium bicarbonate. (3 times) and dried over anhydrous magnesium sulphate. Filtration and 
removal of the solvent in vacuo yielded the title compound in 88% yield as a white solid. 
MS(DCI/CI+ NH 3 ); 382(MNH * 3); 365(MH* , 100). 



w 



EXAMPLE 78 



15 



20 



N^Acetyl'N 4 -ben2yioxycarbonyl>2,2-difluoro-3'hydroxy'5-phenyf-1 t 4-pentanediamine 

The title compound was prepared in 70% yield from acetic anhydride and the amine of Example 77 by 
the procedure described in Example 17. 
Rf: 0.39 (silica gel; ethyl acetate) 

MS(DCI/CI +'NH 3 ): 424(MNH + , 100); 407(MH* t 23); 273(62). 



25 



30 



35 



EXAMPLE 79 



N'-Acetyl^^-difiuoro^-hydroxy^S'phenyl-l^'pentanediamine 

The title compound was prepared in 84% yield from the carbamate of Example 78 by the procedure 
described in Example. 6. 



EXAMPLE 80 



N^Acetyi-N^^N-acetyl-L-LeucyQ^^-difluoro^-hydroxy-S-phenyM ,4-pentanediamine 



The title compound was prepared in 72% yield from N-acetyl-L-leucine and the amine of Example 79 
by the procedure described in Example 9. 
40 Rf: 0.17 (silica gel; chloroform/methanoi 92:8) 

MS(DCi/Ci+/NH 3 ): 445(WNH + , 100); 428(MH*. 54). 



45 



Analysis calculated for: Cat 


H31 N3 


O* F 2 ; 






C%: 


59.00; 


H%: 


7.31; 


N%: 


9.S3. 


Found: 


C%: 


58.98; 


H%: 


.7.24; 


N%: 


9.42. 



so 



EXAMPLE 81 



55 



N^Acetyl-N^tN-acetyl-L-Leucyl^^'difluoro-a-oxo-S-phenyl'l^-pentanediamine 

The title compound was prepared in 73% yield from the alcohol of Example 80 by the procedure 
described in Example 8. 
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Rf: (silica gel; chloroform/methanol 92:8) 

MS(DCI/CI + /NH 3 ): 443(MNH +, 100); 426<MH\ 23), 





Analysis calculated for C21 


H29 N3 


0* F 2 : 






C%: 


59.28: 


H%: 


6.87; 


N%: 


9.88. 


round: 


C%: 


59.51; 


H%: 


7.02; 


N%: 


9.65. 



70 



EXAMPLE 82 



15 



N 4 -Ben 2 yloxycartony^ trifluoroacetate 

described!" ExTm P r?7 WaS ^ ^ ° f 23 by the Pr ° Cedure 



EXAMPLE S3 



25 



N^Agety^ 

The title compound was prepared in 83% yield from the amine of Example 82 and acetic anhydride by 
3Q the procedure described in Example 17. annyanae oy 



EXAMPLE 84 



35 



N^Acetyl^^-difiuoro^-hydroxy-S-methvl-l ,4-hexaned! 



iamme 



4o described in ^ 89 % *" e « b - B * ° f 83 * the procedure 



EXAMPLE 85 



45 



Ni-Acetyi-2 t 2-djfiuo^^ ^ 
nexanediamine — f- ' ' > 

_ ThS ™* c com P° und was prepared in 43% yield from methoxysuccinyLL-alanyl-L-alanyl-L-proline 
tn« online of Exampis 84 by the procedure described in Example 5. ' ' 

Rf: 0.19 (silica gel; chloroform/methanol 92*8) 
MS(DCI/CI+/NH 3 ): 596<MH\ 23); 563(100); 546(41). 



and 



55 



EXAMPLE 86 
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N 1 -Acetyl-2.2-dif1uoro-N*-(metto 



The title compound was prepared in 60% yield from the carbamate of Example 85 by the procedure 
described in Example 8. 
Rf: 0.23 (silica get; chloroform/methanol 92:8) 
MS(OCL'CI+.'NH 3 ): 593(MNH * 100); 576(MhT, 52). 



Analysis calculated for C 2 s H 33 N s O a F 2 ; 



C%: 


52.17; 


H%: 


6.83; 


N%: 


C%: 


52.54; . 


H%: 


6.95; 


N%: 



EXAMPLE 87 



N 4 -Benzyloxycarbonyl-NM2-methy^ 

The title compound was prepared in 89% yield from isobutylchioroformate and the amine of Example 4 
by the procedure described in Example 17. 
Rf: 0.45 (silica gel; ethyl acetate/cyciohexane 1:1) 

MS(DCI/CI+/NH 3 ): 448(MNH + , 100); 431(MH + , 28); 340(15); 297(57). 



EXAMPLE 88 



2 ) 2'Difluoro-3-hydroxy-6~methyl-N 1 >(2-methylpropyloxycarbonyl)-1 t 4-heptanediamine 

The title compound was prepared in 93% yield from the carbamate of Example 87 by the procedure 
described in Example 6. 



EXAMPLE 83 



N 4 -[N-(tert-ButoxycarbonylK»phenyf^ 

methylpropyloxycarbonyl>1,4-heptanediamine ~ — ~~~ 

The title compound was prepared in 62% yield from N-(tert-butoxycarbonyl)-L-phenylalanyl-L-rrva!ine 
and the amine of Example 88 by the procedure described in Example 5. 
Rf: 0.60 (silica gel; chloroform/methanol 92:8) 
MS(DCl/CI + /NH 3 ): 660(MNH +, 30); 643(MH\ 100). 



EXAMPLE 90 



NMN~(tert-Butoxycarbonyl)-L-phenyla^ 

3-oxo-l ,4-heptanediamine " ' — — 

Tne title compound was prepared in 84% yield from the alcohol of Example 89 by the procedure 
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70 



described in Example 8. 
m.p.: 131 " C 

Rf: 0.44 (silica gel; ethyl acetate/cyclohexane 1:1) 
MS(DCI/CI+ NH 3 ): 658(MNH + , 100); 641(MhT, 98) 



Analysis calculated for C32 H 50 N* O; F 2 : 



Found: 



C%: 


59.98; 


H%; 


7.86; 


N%: 


C%: 


60.40; 


H%: 


8.11; 


N%: 



8.74. 
8.39. 



15 



EXAMPLE 31 



20 



25 



30 



■35 



4Q 



45 



N*-Benzoyl-N H2-benzyloxycarbony^^^ 

^ The title compound was prepared in 42% yield from 2-benzyloxycarbonylacetic acid and the amine of 
cxampie 18 by the procedure described in Example 9. 
Rf: 0.17 (silica gel; ethyl acetate/cyclohexane 1:1) 
MS(CI/NH 3 ): 511(MH* , 100). 



EXAMPLE 82 



N 4 -BenzoyhN'-(2-benzyloxy^ 

The title compound was prepared in 50% yield from the alcohol of Example 91 by the procedure 
described in Example 8. H 



EXAMPLE 93 



N 4 -Benzoy!-NW2-carboxya 

The title compound was prepared in quantitative yield from the ester of Example 92 by the procedure 
described in Example 6. ~ 



EXAMPLE 34 



50 



55 



N-BenzyioxycarbonyI-3-cyclohexylalanine 

To a solution of 3-cyclohexylaIanine, hydrochloride (4.75 g, 22.8 mmol) in 2N sodium hydroxide (11 4 
mL) were added at 0 C, simultaneously, a solution of benzylchloroformate (3.2 mL, 36 mmol) in 
tetrahydrofuran (10 mL) and 2N sodium hydroxide (11.4 mL). (The pH of the mixture was maintained around 
9-10 by add.tion of 2N sodium hydroxide.) The mixture was stirred for 1.5 hours. The solution was washed 
wrth diethyl ether (3 x 20 mL). The aqueous phase was acidified to pH 2 with 3N aqueous hydrochloric acid 
and extracted with ethyl acetate (3 x 50 mL). The combined organic layers were dried over anhydrous 
magnesium sulphate. Filtration and removal of the solvent in vacuo left 4.80 g of the expected product 
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(yellow oil, 69% yield). 

Rf: 0.75 (silica gel; AcOH/BuOH/H 2 0 2:6:2). 



EXAMPLE 95 



2-Benzyloxycarbonyiamino-3-cyclohexyl-N t Q-dimethyl propane-hydroxamate 

To a solution of N-benzyloxycarbonyf-3-cyclohexylalanine (4.60 g. 15 mmol) in anhydrous methylene 
chloride (60 mL) were added, at 0*C. dicyclohexylcarbodiimide (3.09 g, 15 mmol) and 1-hydroxyben- 
zotriazoiehydrate (2.29 g, 15 mmol). After stirring for 0.25 hours at 0*C, N.O.-dimethylhydroxylamine 
hydrochloride (1.46 g, 15 mmol) and.N-methylmorpholine (1.51 g, 15 mmol) were added to the mixture. The 
mixture was stirred for 20 hours while the temperature was allowed to rise to room temperature. The 
precipitate was filtered off. The solvent was removed in vacuo and the mixture was purified by chromatog- 
raphy (silica gel; ethyl acetate/cyclohexane 2:8) yielding 3.60 g of the expected hydroxamate (69% yield). 
Rf; 0.38 (silica gel; ethyl acetate/cyclohexane 1:1, UV, l 2 ). " 



EXAMPLE 96 



N-3enzyloxycarbonyi-3-cyciohexyiaianinai 

A mixture of 2-benzyloxycarbonylamino-3-cyclohexyl-N t O-dimethylpropanehydroxamate (3.58 g, 10.3 
mmol), and lithium aluminiumhydride (0.44 g, 11.6 mmof) in anhydrous diethyl ether (100 mL) was stirrecTat 
0 C for 1 hour. 1M Potassium hydrogenosulphate (25 mL) was added. The mixture was stirred for 0.5 hour 
and extracted with diethyl ether (2 x 25 mL). 

The combined organic layers were washed with 2N HCI (3 x 20 mL), water (1 x 20 mL), a saturated 
solution of sodium bicarbonate (1 x 20 mL), brine (20 mL) and dried over anhydrous magnesium sulphate. 
Filtration and removal of the solvent in vacuo left 2.52 g of the expected aldehyde (85%, yellowish oil) used 
in the next step without further purification. 



EXAMPLE 97 



4-SsnzyMoxycarbonyismlnQ-5-^ acid, ethyl ester 

The title compound was prepared in 37% yield from N-benzyioxycarbonyl-S-cyciohexyiaianinai, ethyl 
bromodifiuoro3cetate and zinc by the procedure described in Example 1 . 
Rf; 0.57 (silica gel; ethyl acetate/cyclohexane 1:1). 



EXAMPLE 98 



4'Benzyloxycarbonylamino-5-cyclohexyi-2,2-difluoro-3>hydroxypentanamide 

The title compound was prepared in 97% yield from the ester of Example 97 by the procedure 
described in Example 2. 
Rf: 0.53 (silica gel; ethyl acetate) 

MS(DC1/CI+/NH 3 ): 402(MNH + , 86); 385(MH + , 13); 294(23); 169(40); 126(100). 
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EXAMPLE 99 



5 N^Ben2yloxycarbonyl-N^-(tert-butoxycarbonyQ-5-cyclohexyl>2,2-difluoro^3-hydroxy > 1 ,4-pentanediam 

The title compound was prepared in 51% 
. described in Example 3. 
Rf: 0.59 (silica gel; ethyl acetate/cyclohexane 1:1) 



me 



The title compound was prepared in 51% yield from the amide of Example 98 by the procedure 
described in Example 3. 



10 



EXAMPLE 100 



75 



N 4 -Benzyioxycarbony)-5'cyclohexyl>2,2-difluoro~3-hydroxy-1 t 4-pentanediamine 

The title compound was prepared in 60% yield from the carbamate of Example 
described in Example 77. 



99 by the procedure 



20 



EXAMPLE 101 



25 



NH2-Benz ylaminocarbonyi-3-methyibutanoyP 

1 ,4-pentanediamine ~ — — — , L. 



The title compound was prepared in 58% yield from 2-ben 2 ylaminocarbonyl-3-methy(butanoic acid and 
30 the amine of txample 100 by the procedure described in Example 9. 
Rf: 0:60 (silica gel; ethyl acetate) 



35 



Analysis calculated for C32 H43 N 3 O3 F 2 : 



Found: 



C%: 


55.40; 


H%: 


7,37; 


N%: 


C%: 


65.01 


H%: 


7.42; 


N%: 



7.15. 
7.06. 



40 



EXAMPLE 102 



45 



amine 



NW2-Benzyiaminocarbonyi-3-methy^ 

The title compound was prepared in yield from the carbamate of Example 101. by the procedure 
described in Example 6. H 



50 



EXAMPLE 103 



NM2-Benzylaminocarbonyl-3-methyfc^ta^^ 



cyclohexyl^^-difiuoro-S-hydroxy'l^-p-sGi uanediamine ' " 

The: title-compound, was, prepared in 60% yield from N-(tert-butoxycarbonyl)-L-pheny!alanyl«L-n-valine 
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and the amine of Example 102 by the procedure described in Example 5. 

Rf: 0.46 (silica gel; chloroform/methanol 92:8) 

MS(DC1/CI + 'NH 3 ): 817(MNH * 10)); 800(MH*, 100); 700(60). 



to 



15- 



20 



25 



Analysis calculated for: C43 


Hg3 Ns O7 F 2 : 






C%: 


64.56; 


H%: 


7.94; 


N%: 


8.75. 


Found: 


C%: 


64.47; 


H%: 


8.13; 


N%: 


8.58. 



EXAMPLE 104 



N^-Benzylaminocrbonyl-S-methylbutanoyl)-^ 
cyclohexyl-2,2-difluoro-3-oxo-1 t 4-pentanediamine 

The title compound was prepared in 64% yield from the alcohol of Example 103 by the procedure 
described in Example 8. 
Ftf: 0.53 (silica gel; chloroform/methanol 92:8) 
MS(DC!/Ci+/NH 3 ): 815(MNH * , 10); 798(MH*. 100). 



EXAMPLE 105 



30 



35 



Ethyl 4-benzyloxycarbonylamino-2,2-difluoro-3-hydroxy butanoate 

The title compound was prepared in 33% yield from N-benzyloxycarbortylglycina!, ethyl 
bromodifluoroacetate and zinc by the procedure described in Example 1 . 
Rf: 0.45 (silica gel; ethyl acetate/cyclohexane 1:1). 



EXAMPLE 106 



40 



45 



4-3enzytoxycarbonyiamino-2.2<iifluoro-3-hydro^ butanamide 

The title compound was prepared in 35% yield from the ester * of Example 105 ..by the procedure 
described in Example 2. 

Rf: 0.49 (silica gel; ethyl acetate/cyclohexane 1:1). 



EXAMPLE 107 



5U 



N*-Benzyloxyr^a6nyl-^ 

! ,l,e com P^nd was prepared in 48% yield from the amide of Example 106 by the procedure 
described in Example 3. 

Rf: 0.42 (silica gel; ethyl acetate/cyclohexane 1:1) 

MS(DCl/CI + /NH 3 ): 392(MNH + , 59); 375(MH + , 20); 258(15); 241(100). 
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EXAMPLE 108 



5 4-ben2yloxycarbonylamino^.2^difluoro-3-hydroxv 



pentanoate 



70 



Rf: 0.49 (s.l.ca gel; ethyl acetate/cyclohexane 1:1). 



EXAMPLE 109 



15 



4-Benzyloxyc a rbonylamino-2.2-difluoro-3-hydroxv pentanam 



deseed !nS P p"2 d ^ ^ 9 ° % yie,d ^ «» ^ ° f ™S by the procedure 

20 Rf: 0.50 (silica gel; ethyl acetate/cyclohexane i :1 ) 

MS(DC./CI + ,NH3):320(MNH *, 100); 303(MH*. 13); 212(19); ,89(100). 



25 EXAMPLE 110 



Rf: 0.47 (silica gel; ethyl acetate/cyclohexane 11) 

MS(DC./C t + /NH3): 406(MNH J , 94); 389<MH*.' 23); 298(20); 255(100). 



35 

EXAMPLE 111 



40 ^^^^ 

to£2^Z^r£££i m 308/0 V ' ieid iS ° VaieriC 3dd and ■» «*• °< sample 100 by 
M^tif ^ 96l: Sthyl ^te/cyclohexane 1:1) 
<o MS(DCI/Ci + /NH 3 ): 472(MNH + . 63); 455<MH*, 34); 321(100). 



EXAMPLE 112 

50 



5-Cyc.ohexy,-2,2.dif l uo r o.3.h y droxy- N M3- m .tn vl b uta noy|). 1 ,4- D ent a n P .H iam; ^ 
« described in ExZp.el. *" P '' ep3red S3% yi6id ff ° m the Carbamate of Exampki 11 1 by the procedure 



EXAMPLE 113 
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NHN-(tert-Butoxycarbonyf)-L-phenylalan 
5 methylbutanoylH ,4-pentanedi amine . 

The title compound was prepared in 78% yield from N-(tert-butoxycarbonyl)-L-phenylalanyI-L-n-valine 
and the amine of Example 1 1 2 by the procedure described in Example 5. 
Rf: 0-18 (silica gel; ethyl acetate/cyclohexane 1:1) 
10' MS(DCl/C! + ;NH 3 ): 684(MNH * , 29); 667(MH\ 100); 



EXAMPLE 114 



75 



NMN-(tert-Butoxycarbonyi)-L-phenylalany 

1 ,4-pentanediamine — — — , _^...„ 

20 The title compound was prepared in 74% yield from the aicoho! of Example 113 by the procedure 
described in Example 3. 

Rf: 0.41 (sliica gel; ethyl acetate/cyclohexane 1:1) 
MS(DCI/Ci+/NH 3 ): 532(MNH * . 5); 655(MW\ 18); 364(100) 



25 



30 



Analysis calculated for C35 Hs* Na. Os F 2 : 



Found: 



C%: 


63.23; 


H%: 


8.19; 


N%: 


C%: 


62.78; 


H%: 


.8.27; 


N%: 



8.43, 
8.12. 



EXAMPLE 115 



N c -3en2yioxycarbonyi-2,2-difiuoro-3-hydroxy-5-^^ 
heptanediamine ~ 



40 



The title compound was prepared in 54% yield from 2-(2-methylpropyl)-5-phenylpentanoyl chloride and 
the amine of Example 4 by the procedure described in Example 17. 
MS(DCi/ei+/NH 3 >: 564(MNH * , 40); 547(MH\ 30); 413(100). 



4o 



EXAMPLE 116 



2,2-Difluoro-3'hydroxy-6-methyl-N 1 «[2-(2-methylpropyl)-5-pheny{pentanoyl]-1 l 4-heptanediamine 

The titfe compound was prepared in 87% yield from the carbamate of Example 115 by the procedure 
described in Example 6. 
MS(DCI/CI+/NH 3 ): 413(Mhf ), 



EXAMPLE 117 
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Ht: 0.61 (silica gel; chloroform/methanol 92 8) 

MS(DCI/CI + NH 3 ): 776(MNH + , 65); 759(MH', 89); 282(85); 265(100). 



10 



EXAMPLE 118 



: £ ' 

*J£dtSS£ " M PWd ^ <™ «•■' **" °> « am p,e 1,7 by a. pro«du ra 
Rf: 0.50 (silica gel; ethyl acetate/cyclohexane 1:1) 



20 



25 





Analysis calculated for C* 2 H 52 O s F 2 : 


Found: 


C%: 
C%: 


65.64: 
66.62; 


H%: 
H%: 


3.25; 
8.52; 


N%: 
N%: 


7.40. 
6.36. 



30 EXAMPLE 119 



35 



40 



N-Benzyloxy carbonyl-4-nitrophenylalanine, methyl ester 

was^STc^a O^M :oluS"^ Phen ^ ,a : n f ^ 9 ' °' 9 mm0,) h eth * <« mL) 

Rf: 0.38 (silica gel; ethyl acetate/cyclohexane 1:1). 



« EXAMPLE 120 



50 



55 



N-Benzyloxycarbonyl-4-nitrophenvlaianinai 



To a suspension of N-benzyloxycarbonyl-4-nitrophenylalanin- m=thvl -ster 10 « 7, 

mixture of toluene and di^thvl pthpr /Rn m i 5 . (1 m~in>i ester (2.55 g, 7.1 mmol) in a 

of OIBAL in toluene (,M 4 3 mL) The £± 2' f dr0pW i Se rt " 78 C ' under nitro ^n. a solution 

saturated aqueous solution of Rochel- ^tlttZT "^V ** 3 ° "*'• Methan °' < 5 mL > - d 3 

diethyl ether (2 x 100 mL) The comSned «rI2 , ' ^ ^ thS miXtUrS was e * tract ^. with 

Filtration, removal of Z ' ^InTTTuc ^V?™ 1™* ^ ^eslum su.phate. 

yielded 1 .709 go, the m compound ^ ^ hexane 2:8 > 
Rf: 0.18 (silica gel; ethyl acetate/cyclohexane 1:1). 
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EXAMPLE 121 



s 4"Ben2yloxycarbonylamlno-2,2>difluoro-3-hydrQxy-5-(4-nitrophenyl)pentanoic acid, ethyl ester 

The title compound was prepared in 30% yield from the aldehyde of Example 120, ethyl 
bromodirluoroacetate and zinc, by the procedure described in Example 1. 
MS(DCI/C! + /NH 3 ): 470(MNH * , 100); 453(MH*. 5). 

70- 

EXAMPLE 122 

T5 

4-Benzyioxycarbonyiamino-2 T 2-difluoro-3'hydroxy-5-(4-nltrophenyl)pentanamid8 

The title compound was prepared in 70% yield from the ester of Example 121 by the procedure 
described in Example 2. 

20 

EXAMPLE 123 

25 

N & -Benzyloxycarbonyi-NMert-butoxycafo^ 

The title compound was prepared from the amide of Example 122 by the procedure described in 
Example 3. 

30 

EXAMPLE 124 

35 

N 4 -Benzy[oxycarhonyl-2,2<jifluorQ^h 

The title compound was prepared from the carbamate of Example 123 by the procedure described in 
Example 77. 

40 

EXAMPLE 125 

45 

N 1 -Ac8tyhN^benzy}Qxycarbonyi-2 ? 2^ 

The title compound was prepared from the amine of Example 124 and acetic anhydride by the 
procedure described in Example 17. 

sa 

EXAMPLE 126 

55 

N^Acetyl-N^-benzyloxycarbonyl-2 t 2-difluoro-3-hydroxy-5-(4-aminophenyl)'1,4-pentanediamine 

A mixture of N 1 -acety;-N^-benzyloxycarbonyl-2,2'difluoro-3-hydroxy-5-(4-nitrophenyi)-1 t 4-pen- 
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tanediamine (0.451 g, 1 mmol) and tin dichloride, 2 H 2 0 (1.128 g, 5 mmol) in absolute ethanol (5 mL) was 
heated at reflux under nitrogen for 1 hour. The mixture was allowed to cool to room temperature and was 
poured into ice. The pH was made slightly basic (pH 7-8) by addition of aqueous sodium bicarbonate, and 
the mixture was extracted with ethyl acetate. The organic phase was washed with brine, treated' with 
charcoal and dried over anhydrous magnesium sulphate. Filtration and removal of the solvent in vacuo 
yielded the title compound. 



EXAMPLE 127 



N^Acetyl-N^-benzyloxycarbonyi-S^^tert-butoxycarbonylaminophenyQ^^-difiuoro-a -hydroxy-l ,4- 
pentanediamine ~~ ' — 

A solution of amine of Example 126 (0.214 g, 0.5 mmol) and di-tert-butyldicarbonate (0.131 g, 0.6 
mmol) in tetrahydrofuran (10 mL) was heated at reflux for 15 hours, under nitrogen. Removal of the solvent 
in vacuo and chromatography (silica gel, ethyl acetate/cyciohexane 1:1) yielded the expected carbamate. 

EXAMPLE 128 



The title compound was prepared from carbamate of Example 127 by the procedure described in 
Exampie 6. 



EXAMPLE 129 



-Acetyi-N*-benzoyl-5-(4-tert^ ,4-pentanediamine 



The title compound was prepared from the amine of Example 128 and benzoyl chloride by the 

procedure described in Example 17. 

EXAMPLE 130 



N 1 -Acetyi^-benzoyl-5-(4-te^ 

The title compound was prepared from the alcohol of Example 129 bv the orocedure described in 
Example 3. 



EXAMPLE 131 



tvP- Acetyl-5-(4-aminophenyl)N^benzoyl-2,2-difluoro-3-oxo-1,4-pentanediamine 

The title compound was prepared from the carbamate of Example 130 by the procedure described in 
Example 77. 



57 



70 



EP 0 356 595 A1 
EXAMPLE 132 



N 1 >Acetyl-N^-ben2oy[-5[4-[N / , N"-bis(tert-butoxycarbonyl)-guanidino]phenyi]-2 t 2-difiu oro-3-oxo^1 ,4-pen- 
tanetiiamine ~~ "~~ ' ■ 

A mixture of N'-acetyl-S^-aminophenylJ-N^benzoyl^^-clifluoro-S-oxo-l ,4-pentanedi amine (0.195 g t 
0.5 mmoi) and N,N -bis(ierl-butoxycarbonyl)-S-methylisothiourea (0.174 g, 0.6 mmoi) in tetrahydrofuran (10 
mL) was heated at 55* C for 15 hours. Removal of the solvent in vacuo left a solid residue. The residue was 
treated with 5% sodium bicarbonate and extracted with chloroform (2 x 20 mL). The combined organic 
layers were washed with water and the product was purified by chromatography (silica gel. 
chloroform/methanol 2:98) to yield the title compound. 



15 



EXAMPLE 133 



20 N 1 -Acetyl-N*-benzoyl-5-(4-^^^ bistrifluoroacetate 

The title compound was prepared from the carbamate of Example 132 by the procedure described in 
bxampie 4. 



25 



45 



55 



EXAMPLE 134 



30 €-N-Benzyloxycarbonyl-a-N-4-nitrobenzyloxycarbonyllysine - 

To a solution of e-N-benzyloxycarbonyllysine (2.80 g, 10 mmoi) in a mixture of tetrahydrofuran (25 mL) 
and 0.5N sodium hydroxide (50 mL) was added dropwise, at 0* C, a solution of 4-nitro-benzylchloroformate 
(2.695 g) in tetrahydrofuran (25 mL). After completion of the addition, the temperature was aiiowed to rise to 

35 room temperature, and the mixture was stirred for 2 hours at that temperature. The mixture was diluted with 
water and washed with diethyl ether (2 x 50 mL). The aqueous phase was acidified (pH 2) and extracted 
with chloroform (3 x 80 mL). i he combined organic extracts were dried over anhydrous magnesium 
sulphate. Filtration and removal of the solvent in vacuo yielded 4.042 g of the title compound (88% yield) 
Rf:0.85 (silica gel; AcOH/SuOH/H a O 2:6:2). V . 

40 MS(DC!/C! +/NH 3 >: 477(MNH + , 80); 4S0(MH + , 15); 324(13); 281(35); 250(20); 237(52); 235(100); 218(45). 



EXAMPLE 135 



€-N'8enzyloxycarbonyl-a-N-4-nitrobenzyloxycarbonyliysine t methyl ester 

The title compound was prepared in 90% yield from the acid of Example 134 by the procedure 
so described in Example 119. 
m.p.: 74-75 *C 

Rf: 0.19 (silica gel; ethyl acetate/cyciohexane 1:1) 
MS(DCI/CI+/NH 2 ): 491(MNH + , 44); 474<MH\ 7); 295(100). 



EXAMPLE 136 
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g-N-Benzytoxycarbonylntt-N-^nitrobenzyloxycafbonyllysinal 

The title compound was prepared in 76% yield from the ester of Fv a mm Q nc k *u 
described in Example 120. Example 135 by the procedure 

s Rf: 0.11 (silica gel; ethyl acetate/cyclohexane 1:1). 



EXAMPLE 137 

70 



octanoic acid, ethyl 



' S -JSldtSSTf. Pr8Cared *» »» «*»* - Ex^pie ,36 by the proce<Jure 

Rf: 0.56 (silica gel; ethyl acetate). 

MS<DCI/C. + -NH 3 ): S85(MNH J . 100); 568(MH\ 19); 450(23); 389(65); 255(45); 235(63). 

20 

EXAMPLE 133 



i amide 



25 ±ggngi»^^ 

described in ^ fr0m the ^ 0f E *-P<* ^ by the procedure 

Rf: 0.25 (silica gel; ethyl acetate) 
,o MS(DCI/C I+ ;NH3)): 556(MNH + 4 , 54); 539(MH*. 4); 421(13); 403(46); 360(41); ,39(38); 106(100). 



EXAMPLE 139 

35 



" deiiSS PrSpared ^ 32% fr ° m ^ amidS ° f 138 by the procedure 

M3(DC,C, + /NH3); S42( M NH * 100); 625(MH*. 10); 525(20); 507(20); 430(8); 446(28); 312(45). 

EXAMPLE 140 



NS-8en 2 ylo X y C arbonyl-2,2-difluoro-3-hydroxy-N'^(4-nitrob 8 r,; 

ExampL 77 8 COmP ° Und ^ PrSPar9d ff0m tHe C3rbamate of ^ xam P |e 139 by the procedure described in 



EXAMPLE 141 



59 



70 



20 
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N^Acetyl-N^benzyloxycarbonyl^ 

The title compound was prepared from the amine of Example 140 by the procedure described in 
Example 17. 



EXAMPLE 142 



N 1 >Acetyl-N 8 -benzyloxycarbony<-2 < 2'difluorO'3-hydroxy-1.4 t 8-octanetriamine 



A mixture of N^acetyl-N 8 -benzyioxycarbonyl-2 1 2-difluoro-3-hydroxy-N 4 -(4-nitrobenzySoxycarbonyl}- 
1,4,8-octanetriamine (0.273 g, 0.5 mmol) and tin dichloride, 2 H 2 0 (0.564 g, 2.5 mmol) in absolute ethanol 
_/5 (5 mL) was heated at reflux under nitrogen for 1 hour. The mixture was allowed to cool to room temperature 
and was poured into ice. The pH was made basic (9-10) and the mixture was extracted with ethyl acetate. 
The organic phase was washed with brine, treated with charcoal and dried over anhydrous magnesium 
sulphate. Filtration and removal of the solvent in vacuo yielded the title compound. 



EXAMPLE 143 



25 N1 -Acetyl-N s -benzyloxycarbonyl-N^ 

1 .4,8- octanetriamine : — — 

The title compound was prepared from the amine of Example 142 and N-(iert-butoxycarbony()-0- 
phenylalanylproline by the procedure described in Example 5. 



EXAMPLE 144 



35 

N ! -Acetyl-NHN-(tert-butoxycarb^ 

The title compound was prepared from the carbamate of Example 143 by the procedure described in 
Example 6. 

40 

EXAMPLE 145 



45 

N--Acef/l-N 8 -(tert-butoxy^ 

hydroxy- 1 ,4,8-octane-triamine " " " " 

The title compound was prepared from the amine of Example 144 and di-tert-butyidicarbonate by the 
so procedure described in Example 127. 



EXAMPLE 146 

55 



W-Acetyl-N^tert-butoxyca^^ 

1 ,4,8-octanetriamine — " ~~ ' 



60 
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The title compound was prepared from the alcohol of Example 145 by the procedure described in 



Example 8. 



EXAMPLE 147 



N-.Ac e ty|.N^(D-phenylala ny |.L-prolvl).2 ,2-difluoro.3-oxo- 1 ,4.8-octanetriamine, hydrochloride 

Exempt ^ C ° mP0Und PrePar6d fr ° m ihe ketone of ^ xam P' e 146 by the procedure described in 

. *> , usi "9 chromophoric peptides, 

rSSS^?»«- sat 

•minop^d.sT " C0, "" ed aSS * 1 ' P ' OC8dUre " Si "« a huma " and micros™, 

h, ssrrsrsi pu, r ed "° m ven,re * ub " a,i * s - 

by Tack, et al. (A20). ( >- C3 - converta se was measured as described 

The individual assay references are elaborated upon by the following: 

si*, s. is. ^x^::^~-r- substrate of ~- j 

Studies^it^ ° f "^P*" G ^ hU ™ leukoc ^ elastase. 

Power* BM Ashe an it zT m £ T ^ ^ rotease inhibit °r reactive site. K. Nakajima, J.C. 

aYa™ T 2,mmerman. The Journal of Biological Chemistry, 254(1979)4027-4032 

Academic'press. New S; "^voTac f P ?t^ " M9th ° dS B «* m «*^ d, ed), 

and dzzss: sr«tsri ssssr* for p ' nitroaninne - a l ~ 

sputum^RR Mal'amlrBJuorDy 9 ? SC ^ ^fJ™ 0f elastese »d cathepsin G from human 
P Martodam. R.J. Baugh. D.Y. Twumas. and I.E. Liener, Preparative Biochemistry. 9 (1979) 15- 

170-1 7 f ' deferminati0n of en2 V™ inh *itor constants, M. Dixon. The Biochemical Journal 55 (1953) 

EnzymoTogyp^ JW " Wi " ia ™ - ^ Monhon, in Methods in 

aq x ^cadom.c Press, New York, 1979, vol. 63, pp. 437-467 

*^tJ?b^%££zt^ r ym ? r A biochemistry experiment in ■*»** 

a<5 Th* ♦ round and J.L. Graves. Journal of Chemical Education. 50(1973) 149-151 

^oZ^^sr^j::^^ ^tt** substrates ° f ^ ^ ^ »• 

Ain t„ K ' Chlveso,Blochem,str y and Biophysics, 95 (1961)271-278 

in Methods Jl^b^t^^ SS ; ne pr e ° teaSeS <* and C ' S and thSir P^nzym^ R-B. Sim. 
ah ,n v f" < fy mol °9y L - Lorand . ^), Academ.c Press, New York, 1979, vol. 80, pp 26-42 
All. Extnns.c plasm.nogen activator and urokinase. J.H. Verheijen. C. Kluft. GTG. Chang and E. 
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Mullaart, in Methods of Enzymatic Analysis (H.U. Bergmeyer, J. Bergmeyer and M, Grassl, eds) Verlag 
Chemie, Weinheim. 1984, third edition, vol. 5, pp. 425-433. 

A1-2. Sperm acrosin. W. Mueller-Ester! and H. Fritz, in Methods in Enzymology <L Lorand ed) 
Academic Press. New York, 1979. vol. 80, pp. 621-632. 
s A13. Novel method for detection of beta-lactamases by using a chromogenic cephalosporin sub- 

strate. C.H. O'Calfaghan, A. Morris, S.M. Kirby and A.H. Shingler, Antimicrobial Agents and Chemotherapy, 
1 (1972) 283-288. 

A14. Cathepsin S, cathepsin H. and cathepsin L. A.J. Barrett and H. Kirschke. in Methods in 
Enzymology (L. Lorand. ed). Academic Press, New York, 1979, vol. 80, pp. 535-561. 
ro A15. Pepsins, gastricsins and their zymogens. A.P. Ryle. in Method of Enzymatic Analysis (H U 

Bergmeyer. J. Bergmeyer and M. Grassl. eds), Verlag Chemie. Weinheim. 1984. third edition, vol 5 dd 
223-238. ' 

A16. Cathepsin 0. cathepsin E. V. Turk, T. Lah and I. Kregar, in Methods of Enzvmatic Analysis (H U 
Bergmeyer. J. Bergmeyer and M. Grassl, eds), Verlag Chemie, Weinheim, 1984, third edition, vol 5 dd 
T5 21T-222. 

A17. Amino acid arylamidase. J.C.M. Hafkenscheid. in Methods of Enzymatic Analysis (H.U. Berg- 
meyer, J. Bergmeyer and M. Grassl, eds). Verlag Chemie, Weinheim, 1984, third edition, vol. 5, pp. 11-15. 

A18. Angiotensin I converting enzyme (kininase II). J.W. Ryan, in Methods of Enzymatic Analysis 
(H.U. Bergmeyer. J. Bergmeyer and M. Grassl. eds). Verlag Chemie. Weinheim, 1984, third edition vol 5 
20 pp. 20-34. ' 1 

A19. Renin. T.Inagami and M. Naruse, in Methods of Enzymatic Analysis (H.U. Bergmeyer, J. 
Bergmeyer and M. Grassl, eds), Verlag Chemie, Weinheim, 1S84, third edition, vol. 5. pp. 249-258. 

A20. The ttiird, fourth, and fifth components of human complement: isolation and biochemical 
properties. B.F. lack, J, Janatova. M.L. Thomas, R.A. Harrison and C.H. Hammer, in Methods in En- 

25 zymology (L. Lorand, ed), Academic Press, new York, 1979, vol. 870, pp. 54-101 . 

By following the techniques referenced above, as well as by utilization of other known techniques as 
well as dv comparison with compounds known to be useful for treatment of the above-mentioned disease 
states, it is believed that adequate material is available to enable one or ordinary skill in the art to practice 
the mvent.on. Of course, in the end-use application of the compounds of this invention, the compounds are 

so preferably formulated into suitable pharmaceutical preparations such as tablets, capsules or elixers, for oral 
adm.n.stration or in sterile solutions or suspensions for parenteral administration. The compounds of this 
invention can be administered to patients (animals and human) in need of such treatment in a dosage range 
of 5 to 500 mg per patient generally given several times, thus giving a total daily dose of from 5 to 2000 mg 
per day. As stated above, the dose will vary depending on severity of disease, weight of patient and other 

35 factors which a person skilled in the art will recognize. 

Typically the compounds described above are formulated into pharmaceutical compositions as dis- 
cussed below. 

About 10 to 500 mg of a compound or mixture of compounds of formula I or a physiologically 
acceptaoie sait is compounded with a physiologically acceptable vehicle, carrier, excioient, binder preser- 
vat.ve, stabM.zer. rlavor, etc.. in a unit dosage form as called for by accepted pharmaceutical practice. The' 
amount or active substance in these compositions or preparations is such that a suitable dosage in the 
range indicated is obtained. 

illustrative of the adjuvants which may be incorporated in tablets, capsules and the like an* th<= 
followmg: a b.nder such as gum tragacanth, acacia, corn starch or gelatin; an excipient such as micro- 
crystalnne cellulose; a dis.ntegrating agent such as corn starch, pregelatinized starch, alginic acid and the 
like; a lupncant such as magnesium stearate; a sweetening agent such as sucrose, lactose or sac^hanm =» 
flavoring agent such as peppermint, oil of wintergreen or cherry. When the dosage unit form is a capsule' it 
may contain in aodition to materials of the above type, a liquid carrier such as fatty oil. 

Various other materials may he present as coatings or to otherwise modify the physical form of the 
oosage un.n. For mstance, tablets may be coated with shellac, sugar or both. A syrup or elixer may contain 
the active compound, sucrose as a sweetening agent, methyl and propyl parabens as preservatives a dye 
and a flavoring such as cherry or orange flavor. 

Sterile compositions for injection can be formulated according to conventional pharmaceutical practice 
by o.ssolvmg or suspending the active substance in a vehicle such as water for injection, a naturally 
occurring, vegetable oil like sesame oil, coconut oil, peanut oil. cottonseed oil, etc.. or a synthetic fatty 
veh.cle like ethyl oleate or the like. Buffers, preservatives, antioxidants and the like can be incorporated as 
required. r 

While the invention has been described in connection with specific embodiments thereof, it will be 



62 



BP 0 356 595 A1 



in ,ho .cop, o, M append 31? * ° "" eSMn " a ' *** Ur « S »> ,nd „ foilows 



Claims 



1 . A compound of the formula 
Ri NHCHR 2 COCF 2 CHR 3 (NR b COXR a ) n Q 

the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof wherein 

5 a s nI d S e 0 n ; T^SZESXZSrs, TJriZ;™ T ino acid or a peptide compri - 

amino protecting group preferab.y selected fmm Group K " PepMe b - rtn " an 

^^t^^r^ S,ky '' " 30 " hy,9ne *** - - CH ^ of X 

comprised of „- ml „o add building btocte * 9 " aCld R - s " ou|J » a W*> 

a-am.no acid and peptide moieties are bulding blocks selected from Groups A B C D F F r =„h , „ 
K .8 a term.nal amino protecting group, members of these groups being ' ' " G ^ 

Group A: Lys and Arg y 

8: Ser. Thr, Gin. Asn. Cys. His. and N-methyl derivatives 
Pro, Ind 

P plfe Tvr" O ^hTt 3 '' ^ ^ ^ A,a " frtau 3nd de ^«ves 
G: Giy,' si V yr ° Sme ' T ' D ' Na ' (U and N " msth V i derivatives 



J: 

NH 



CH 2 0( & -)NHC^ (J . 1)f -CH 2 0(o-)C^ 

X NH 2 \ 



NH 

(J-2) 



NH-> 



^ NH ^ NH 

-0CH 2 NHC ^ (J-3) -0CH 2 C ^ 



(J-4) 



a^:ac!d). 0UrSe - rePfeSentin9 PhenV " (U bei " 9 UnderSt °° d 1,131 «» b °" d - '3 a.ways attached to an 
K: Acety. (Ac). Succiny,(Suc,. Benzoy. (Bz). t-Buty.oxycarbony. (Boc). Carbobenzoxy (CBZ). Tosy. 
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(Ts), Dansyl (DNS), Isovaleryl- (Iva), Methoxysuccinyl (MeOSuc), 1-Adamantenesulphonyl (AdS0 2 ). 1~ 
Adamantaneacetyl (Ad Ac), 2-Carboxybenzoyi (2-CB2). phenylacetyl (cobenzyl), tert-butylacetyl (Tba), bis[1- 
naphthyf)methyl]acetyl(BNMA) 

or-A-RzwhereinAis-C-, -N-C-, -0-C-, or -S-; and Rz is an 

H O 



aryl group containing 6, 10 or 12 carbons suitably substituted by 1 to 3 members selected independently 
from ihe group consisting of fluoro, chioro, bromo. iodo, trifluoromethyl, hydroxy, alkyl containing from 1 to 
6 carbons, aikoxy containing from 1 to 6 carbons, carboxy, alkylcarbonylamino wherein the alkyl group 
^ contains 1 to 6 carbons, S-tetraaofo, and acylsulfonamido (i.e., acylaminosulfonyl and sulfonyiaminocar- 
bonyl) containing from 1 to 15 carbons, provided that when the acylsulfonamido contains an aryl the aryl 
may be further substituted by a member selected from fluoro, cloro, bromo, iodo and nitro; and such other 
terminal amino protecting groups which are functionally equivalent thereto. 

2. A compound of Claim 1 useful for inhibiting retroviral proteases having the formulae 



O R 3 O O 



RjNH 




CF 2 ' \ NH X x NHR' 4 l-wa 

R2 Ra 

and 



O R 3 

R2 



Ri Is P 2 , P 3 , P* with 

P2 is selected from Groups c', e\ f' and G', 
P 3 is selected from Groups c', e\ f' and G', 

P4 is selected from Group C or jS-Ala or fl-Va!, which may optionally bear an amino protecting group 
selected from Group K, 

R 2 is a residue of the P 1 -position cr-amino acid of Groups f', e', CHM, 

Rs is Gly or Group E\ 

h\ is H, Ci -6 aSkyi, aralkyi, 

R a is a residue of the P' 2 -position a-amino acid of Group e' or Val, 
x' is H or R 7 . 

3. A compound of Claim 2 selected from the group consisting of 
Ser-Gln-Asn-Tyr[CF 2 G!yNH]m-LeuNK 2 , 
Thr-Gln-Asn-Tyr[CF 2 GlyNH]m-LeuNHCHM, 
Ser-G!n-Asn-Tyr[CF 2 G!yNH]C(0}H, 
Ser-Gln-Asn-Tyr[CF 2 GlyNH]C(0)CHM. 
j9-Ala-(0-Me)-Tyr-n-Val-"CHM ,, -[CF 2 GlyNH]lva t 
Boc-Phe-n-Val-"CHM n -[CF 2 GlyNH]lva, 
Iva-Ser-G!n-Asn-Tyr-[CF 2 lieNH]lva, 
lva-Ser-Phe-n-VaJ-"CHM M -[CF 2 GlyNH]lva, 
lva-Ser-Gin-Asn-Phe-[CF 2 GlyNH]mValNH 2 and 
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lva-Ser-Gln-Asn-Tyr-(CF 2 lleNH]mVa!NH 2 . . 
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